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PREFATORY  NOTICE. 


I  N  the  beginning  of  1887  my  predecessor,  Mr.  Medlieott,  Wrote  as  fol¬ 
lows  in  his  Annual  Report  of  the  Geological  Survey: — “  The  two  first 
parts  of  the  Manual  of  the  Geology  of  India,  issued  in  1879,  have  been 
Out  of  print  for  some  time,  and  the  question  of  re-writing  it  has  been 
much  upon  my  mind.  Parts  of  it  would  require  abridgment,  leaving  local 
|  information  to  be  sought  for  in  the  special  Memoirs;  and  parts  of  it 
would  need  alteration  and  addition  in  view  of  extended  information. 
The  greater  part  of  the  two  volumes  was  written  by  Mr.  Blanford, 
who  was  for  the  time  relieved  of  other  work.  To  re-write  the  whole 
while  carrying  on  the  manifold  current  duties  of  the  Survey  has  been  more 
than  I  could  attempt  in  India  with  any  justice  to  either.” 

The  directing  of  the  Survey  since  Mr.  Medlicott’s  retirement  is  even 
fuller  of  current  duties,  not  the  least  of  which  has  been  a  considerably 
increased  system  of  frequent  tours  over  the  length  and  breadth  of  the 
land  ;  so  that,  however  pressing  it  may  also  have  been  on  my  mind, 
I  have  been  unable  even  to  venture  on  the  elaboration  of  a  revised  form 
of  Messrs.  Medlieott  and  Blanford’ s'  most  excellent  work  ;  and  I  therefore 
gladly  accepted  Mr.  R.  D.  Oldham's  offer  to  prepare  a  fresh  issue  accord¬ 
ant  with  our  progressi  ve  survey  of  the  Empire. 

Mr.  Oldham  had  had  a  varied  experience  of  survey  work  over  widely 
separated  tracts  in  India  where  he  had  opportunities  of  studying  most  of 
our  repr esentative  formations  in  their  peninsular  and  extra-peninsular 
development  :  while  of  his  own  motion  he  devoted  his  first  period  of 
well-earned  leave,  to  a  comparative  study  of  Our  Gondwdna  representatives 
in  Australia.  His  close  acquaintance  with  the  literature,  as.  evidenced 
'  in  the  careful  Bibliography  of  Indian  Geology,  compiled  by  him  in  18S8, 
had  already  indeed  predisposed  me  in  favour  of  a  possible  ultimate 
placing  of  a  second  issue  of  the  Manual  in  his  hands  ;  and  in  now  au¬ 
thorising  that  issue  1  would  fain  hope  that  my  choice  may  be  justified. 

k  WILLIAM  KING, 

Director ,  Geological  Survey  of  India. 


PREFACE  TO  T1IE  SECOND  EDITION. 


THE  first  .'edition  of  the, Manual  of  the  Geology  of  Tndia  was  found  to  sup¬ 
ply  a  want  so  much  fclttlmtil  soon  wont  out  of  print;  and  foe  sieve  raf- 
-years  hits-  only  born  procurable  from  the  dealers  in  seconcMumd  books. 
It  had,  besides,  become  out  of  date  in  many  parts,  and  the  Government  of 
•  India  decided  that  the  time  bad  comefor  the  preparation  of  a  new  edition. 
So  great  have  been  the  strides  made  in  our  knowledge  of  Indian 
Geology  in  the  last  fifteen  years  .-that  it  has  been  found  possible  lo  entirely 
change  the  arrangement  of  the  book  and  to  adopt,  the  more  scientific  and 
orderly  course  of  describing  the  .rocks  in  chronological  order,  instead  of 
breaking  the  book  up  into  a,  series  of  descriptions  of  separate  districts, 

There  is  not, '•-unfortunately,  everywhere  the  same  certainty  regarding  the 
proper  position  in  a  chronological  arrangement  of  particular  groups  -  of 
beds;  Frequently  the  true  honiolaxis-is  unknown,,  and  there  is  a  con*picn* 
ous  inatance  of  the  inistakes  which  may  then  be  made,  in  cortaio  rocks 
**>f  the  Arakan  Yomar  which  were  supposed  to  be  triassic  al  the  dale  when 
'  this  second  edition  was  written,  hut  have  been  shown  to  be  cuCrnc  as  the 
pages  were  passing  through  the  press;  and  consequently  rocks  which 
should  have  been  classed  with  the  tertj.iry  were  described  in  the  chapter 
devoted  to  the  carboniferous  and  trias. 

Many  districts  have  remained  untuurhud  since  the  publication  of  tlic 
first  edition, and  in  all  such  cases,  and  wherever  indeed  no  serious  modifi¬ 
cations  of  theoriginaj  text  have  been  neces?ury;  it  has  been  allowed  to  stand 
practically  as  in  the  original  publication.  All  these  passages  have  been 
carefully  revised  and  genially  more  or  less  condensed,  while  many  minor 
alterations  needful  to  adapt  them  to  the  altered  scope-  and  arrangement  of 
the  work  have  been  made,  as  well  as  such  alterations  as  have  been  ucces- 

the  portions  in  which  the  first  edition  has  been  taken  as  the  basis  of  llie 
text  arc  distinguished  by  a  different  type  from  that which  refers  to  the 
portions  which  are  new  or  have  been  entirely  rc-written. 

As  there  is  now  a  special  volume  devoted  to  the  economic  aspects  of  live 
geology  of  India,  not  to  mention  the  Dictitmaiy  of  Economic  Products  and 
the;  Handbooks  of  Commercial  Products  of  the,  Imperial  Institute,  it  has 


areas  of  the  country,,  the  combination  secures  the  description  and  -discus.* 
sion,  from  personal  knowledge,  of  a  much  larger  porLion  of  India.  At  the 
same  time  the  advantages  of  wider  experience  and  thought  may  not  be 

crepancies— the  natural  results  of  divided  authorship.  To  secure,  so  far 
as  possible,  the  responsibility  of  each  author  for  the  facts  and  opinions 
stated,  rheinltialsofcneh  are  a  (fixed  hv  the  Table  of  Contents  to  the  chapters 
contributed  by  him.  Every  such  chapter  has  been  read  and  revised  by 
the  other  writer;  but  llie  alterations  have  in  no  case  been  of  more  than 
trivial  importance  ;  so  that  each  chapter  may  be  practically  taken  as  an 
individual  contribution.  The  nmnhei1  nT  subjects  is  so  large,  and  the  con¬ 
nection  between  them,  in  many  cascs,  so  slight*  that  the  lack  of  uniformity 
will  not,  it  is  hoped,  seriously  detract  from  the  usefulness  of  the  Manual. 

In  addition  to  the  subjects  discussed  in  the-present-AV-oriCj.it -was, -atfirst# 

special  chapter  of  the  known  Mineral  Resources  of  India.  But  the  length 
lo  which  the  Manual  has  already  extended  ha?  rendered  it  advisable  to 
postpone  this  very  important  subject,  and  lo  reserve  it  for  a  separate 
volume. 

Although  many  of  the  details  in  the  work  now  issued  Lave  not  previ¬ 
ously-been  published,  and  although  the;  discussion  Qf  the  observationsinvolves 
several  new  deductions  and  suggestions',-  the  book  is,  iirtbe-mstti,  a  compi¬ 
lation;  and  it  is  quite  possible  that,  espcc!£iTy-ih  treating  of  areas  am  1 
formations  of  which  the  authors  have  no  personal  knowledge,  full  justice 
has  not  always  been  done  to  the  views  of  original  observers.  It  has,  in 
several  instances,  been  thought  more  important  Lo  point  out  possible 
causes  of  error  than  to  endorse  opinions  which,  although  very  possibly 
correct,,  arc  not  sufficiently  supported  by  published  data  to  be:  accepted 
ns  conclusive.  In  all  such  cases  full  references  to  previous  publications 
have  been  furnished ;  and  an;  examination  or  the  details  given  in  the  latter 
will, _it  is  hoped,  serve  to  correct  any  error*  of  interpretation  on  the  part 
of  the  authors  of  the  present  work. 

The  nmnerous  and  large  areas  left  blank  in  the  annexed  Map  show, 
at  once,  how  far  the  present  publication  falls  short  of  completeness,  and 
how  imperfectly  the  promise  implied  in  the  title  is  fulfilled.  A  note  upon 
the  Map  further  explains  that  large  portions  of  it  have  been  coloured 
from  very  imperfect  information,  from  sketch  surveys  or  rapid  traverses 
affording  no  sufficient  opportunity  for  a  proper  study  of  the  formations. 
It  had,  however,  become  imperative,  as  a  duty  to  the  public,  for  reasons 
already  mentioned*  lo  bring  together  a  summary  of  the  work  accomplished 
since  the  commencement  of  the  Survey;  and  it  was  equally  essential,  for 
the  Survey  itself,  Lhat  some  general  record  of  the  results  obtained  up 
to  date  should  be  compiled.  These  objects  could  only  be  attained  by 
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W(1))  deckled  io  exclude  .',11  reform .cos  to  geology  in  this  work* 

Tin*  reference  would  necessarily  lutvc  to  be  loo  brief  for  commercial,  pir* 

,  I.,,,  ,,wMtuv  <<>,., n-«  ’  (b<  sir  'i£  lapS.'f  i)  <h  rertpfit  ns  and 
increased  the  hoik  of  the  volume,  It  is,  therefor*:,  belter  that  these  sub- 
jt'ofs  should  be.  rei'-gated  In  the  hooks  Socially  devoted  to  them. 

For  the  rest,  the  re-msiks.  m  the  preface  to  the  first  edition,  relative  to 
the  ero'-rraphic'.l  basis  of  the  Geological  Map  of  India  and  the  spelling  of 
p’u ,'iamt  ,  -Ull  hold  good  re  re  J>cN  Uv  hLt«  r  tut  Imp.  r  it  firmer 
of  India  has  been  adopted  as  a  standard  by  lb''  Government  of  India  and 
the  Royal  GVogiaptm-ul  Society,  ’the  spelling  m  that  work  has  const- 
quenily  been  followed,  ami  ns  regards  places  not  mentioned  in  that  work 
ihe  frame  system  of  spelling  has  bc-eti  adopted  so  far  as  possible.  1  he 
scale  of  the  Geological  Map  adopted  for  this  edition  i«t  smaller  than  that  of 
the  map  issued  with  the  first-  edition.  It  is  hoped  'hat  tin.  MSm-ation  will 
make  the  map  mote  cmnruWd  to  cm, salt  ••■.Ini,  v<  .mem"  w  detail 
that  can  be  exhibited  remains  practically  the  frame,  and  tbc  impossibility  of 
finding  a' map  showing  all  the  places  mentioned  hi  She  text  iris  been 
rectified,  so  far  as  possible  by  an  index  of  place  imnirf  gU  big  their  geo¬ 
graphical  co-ordinates, 

The  date  of  the  nap  will  he  seen  to  differ  hem  that  of  the  title-page 
of  the  book;  this  is  due  to  the  fact  that  it  was  necessary  to  go  to  press 
with  the  map  before  the  text  was  completed.  The  map  consequently  repre¬ 
sents  the  state  of  information  available  in  the  office  of  Urn  Geological 
Survey  on  the  31st  December  1891,  while  the  text  dates  about  four  months 
later,  and  subsequent  additions  and  corrections  have  been  made  in  foot¬ 
notes  up  to  the  beginning  of  this  year. 

Finally,  1  have  to  express  my  obligations  for  the  help  so  readily  ren¬ 
dered  in  the  preparation  of  this  work,  specially  to  Prof,  Suess,  for  the  loan  of 
the  illustration  block  on  p,  202,  and  to  Dr,  W.  T.  Blanfoid.  who,  in  addi¬ 
tion  to  other  assistance,  has  been  g'ood  enough  to  read  the  proofs  of  the 
passages  referring  to  the  fossil  tertiary  and  pleistocene  mammalia. 
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Heavy  type  refers  to  matter  which  is  new  or  entirely  rewritten  in  the  present  edition.  1 


CHAPTER  I. 

*BWiCa  GEOGRAPHY.. 

Limits  of  area  treated,  three  great  divisions,  hido-Gangetic  alluvium  (i),  penin- 
sular,  extra-peninsular.  Contrast  of  peninsular  and  extra-peninsuiar  regions.  Extras 
peninsular  rocks  and  peninsular  structure  west  of  Aravallis  (2) ;  extension  of  peninsular 
rocks  into  Assam  hills  and  eastern  Himalayas;  nomenclature  of  Indian  Hill  ranges, 
difficulties.  Peninsular  mountain  ranges  (3),  merely  remnants  of  plateaux  isolated  by 
erosion,  Aravallis  the  only  important:  peninsular  range  composed  of  disturbed  rocks  (4), 
hills  of  Soulhern  India  possibly  isolated  by  marine  denudation,  former  continuity 
of  hills  Of  Central  India,  absence  of  connection  between  direction  of  peninsular 
mountains  and  disturbance  of  rocks  (5),  Aravalli  range  an  exception,  but  disturbance  of 
great  antiquity.  Extra-peninsular  ranges  directly  dne  to  disturbance  of  rocks,  difficulties 
of  nomenclature  (6),  consideration  of  Himalayas  postponed.  Hills  of  western  frontier, 
separation  of  Salt  range,  two  principal  directions  of  strike  in  hills  west  of  Indus  (j), 
hills  of  eastern  frontier  and  Burma,  Salt  range  and  Assam  Hills.  Drainage  system  of 
extra-peninsular  hills  always  crosses  axes  of  special  elevation  (8),  “  tangis  ”  of  western 
frontier,  gradual  elevation  of  hilis  with  occasional  interruption  of  drainage.  Simi¬ 
larity  of  hills  on  eastern  frontier  and  differences  introduced  by  climate.  River  system  of 
Peninsula  (g),  easterly  trend  of  drainage,  antiquity  of  east  and  coniparativer  recent  origin 
of  west  coast.  Tertiary  changes  of  extra-peninsular  coast  line,  changes  of  level  oh 
peninsular  coast.  Sahyadri  range,  resemblance  to  sea  HUT  (10),  Crcmnoconvhns  allied  to 
marine  form,  subaerial  erosion,  elevation  of  the  Konkan  tertiary  rather  than  post- 
tertiary.  Possible  isolation  of  Southern  Indian  hills  by  marine  denudation.  Supposed 
submerged  cliff  on  Mekran  coast,  submerged  forests  of  Bombay  and  Tinnevelli  coast. 
Changes  of  level  in  Cutch  and  Arakan  (n),  in  Andaman  islands.  Coral  archipelagoes  off 
west  coast,  erosion  and  iteration  of  land  on  east  Coast  .( 1 2),  in  Cambay  :  silting  up  of  Kami 
of  Cutch  (15),  Evidence  of  glacial  period,  former  extension  of  Himalayan  glaciers,  boulders 
Of  the  Potwar.  No  physical  proofs  in  the  Peiv'nsula.  other  evidence.  1 1  nr  din  van  plants 
and  animals  on  higher  hills  of  Southern  India  (u),  tragi  a' inn  inn  dun  10  grunt* 
dampness  (15).  Volcanoes,  Barren  Island  (ifi),  Narcondam,  Pup paib no  ;r  (1;)  other 
extinct  volcanoes  of  Upper  Burma  ;  termination  of  the  Sunda  chain.  Doubiliil  cases  of 
volcanic  eruption ;  in  Bay  of  Bengal  (,S),  l.on.'ir  lake.  Sabi-  or  mud  \ol..iw  ,  tiu>. 
Burma,  Ramri  and  Cheduba(20),  ignition  of  m.'itsh  gas  hs  light  nine  {-•<).  Assam.  Bain  n 
istan  (22,, 


MET«Ut<>imue  AJftf  v.RV:'I  CU.f-N'tt  IJfVrKU. 

Great  extent  imperfection  of  data  available  123b  gueissase  rocks  of  two  ages5  older 
or  Buudelkhasd  gneiss,  leading  characters  and  distribution,  newer  or  banded-  gneiss  . 
appears  to  pass  into  transition  rocks,  doubtful  validity  of  separation,  a  large  part  probably 
newer  than-  BundeJkband  gneiss  (24 ).  La  Croix  suggests  presence  of  groups,  of  successive 
origin  in  Southern  Indian  gneisses.  BmuleUrimnd  gneiss  in  BucdLklmnd.  ek-irubet's  (75), 
generally  massive,  schistose  gneisses  in  southern  portion  of  area  br>),  absence  of 
limestone ;  pegmatite  veir.s,  absence  of  accessory  mtnends,  qunnz  reds,  absence 
in  area  of  schistose  gneiss  (27).  foliation  of  quanta  reefs  .and  occasior.ai  presence 
of  serpentine.;  newer  series  of  quartz  veins;  trap  dykes  (28.*,  neper  than  quartz  - 
reefs;  relation  to  newer  rocks.  Newer  gneiss  ui  Siugranli  fcqi  abundance  of 

accessory  minerals,  well  marked  banding  and  folir.tion  (3  oh  quariz  rc^fa,  dome  gnej&s 
Compaiatneiantv  of  Uap  d  kts  pegmatite  (3L  Gmm  N  i  1 1  1  v3 

relation  to  transition  rocks  of  south-west  Bengal  s  inlicr?  <,f  .i!Jn‘  gn  -is**,  trip  dvkes, 
uncnnformable  junction  with  transition  rocks.  »»f  f  dLLr-  and  "Lob/ui  id  vxjlev 

(33),  schists  and  conglomerate  in  gneiss.  Nagpur  and  Nizams  dominions  Gneisses  of 
Nellore,  Carnatic,  massive  gneisses,  schistose  gwsses  (31),  Bezwida  gneiss  containing 
Murchisonite-.  Mica  mines  at  Inikurii  (34).  Gneiss  0"  Southern  Msrratha  country  and 
Bellary;  massive  gneiss  with  granite  intrusions,  ressmbLnceto  Bnndeliriiaad  gneiss,  quartz 
reefs  and  dykes  (35),  abseuce  of  limestone,  and  rarity  of  accessory  minerals.  CmcNsrs  of 
the  Konkan,  South  Malabar,  three  distinct  forms  (36),  Indications  of  successive  origin* 
Wamad  and  Niigins  (37)  Limestone  and  grande  irtru-Lous  m  g'ncl-**  of  Coimbatore  and 
TrichinopoH*  Salem  district,  magnesian  schists  (3?),  La  Croix  or,  Solon:  guu  ses.  Smith 
Arcot  and  Trrchmopoli.  Madura,  and  Tin»cveIH>  supposed  stratigraphica)  succession  539% 
Distribution  and  composition  of  ancient  trap  dykes  iu  Southern  India.  AriwaUi  range, 
apparent  passage  from  gneiss  to  transition  rocks.  Limestones-  and  slates  sssociated  with 
gneiss  near  Jofcat.  {40)  Extra-peninsular  gneissose  recks  AfgVmisldu  Himalayas. 
Kashmir,  supposed  presence  of  gneiss  of  two  fg«..s,  douhtsnl  correctness  of 
interpretation  {41 ).  True. gneiss  of  ZairLmr.  E-.upshu  and  Lumfi-n  Himalayas  Gneiss 
of  Darjiling.  Porphyrid.e  gualsscse  granite,  description  14c).  mode,  of  mbusk'n,  similar 
granite  0:  HazLa,  distribution  hi  Himalayas  1,435,  date  of  uitrnsma,  White  granite  and 
syenite  hi  Himalayas.  A?sam  gneiss  (44),  liers  hi  Brahmaputra  nllm-hm'.  mat  hi  ^ ?1HL 
zone.  Gncissose  rocks  of  hills  of  liurm.i,  meudbLn.u^  \  uins  (4  v  Kesnrm.  itnpu. Lo¬ 
tion  of  data,  antiquity  of  the  Bimdelkhaud  gneiss,  other  gneisses  lagely  flew*  r.  lv.z  m  pert 
due  io  deformation  of  the  olddr  gneiss  {  \<K 


CUA-n'-EK  II-L 

Unfossillferous  older  sedimentary  recks  of  Peninsula.  Difficulty  of  cltf.-Nf  v  alien.  d: vi¬ 
sible  Into  two.  partly  contemporaneous,  groups  systems.  Newer  may  Is-  ck-ss  id  r-*&  cider 
paleozoic,  older  as  Transition  (47),  meaning  attributed  to  the  term.  1  *<«  £>h;twdr 
system,  distribution,,  petrology  (48.),.  volcanic  beds,  and  deformation  of  pebble*  hi, 
pression,  hseinaiite  schists  and  auriferous  quartz  reefs,,  cuconfonr ivy  to  g 
gneiss  (49),  apparent  local  passage  into  gneiss,  relation  to  Cuddapahs,  complete  k 
of  DMuvars,  probable  relation  to  transition  systems  cf  Central  India,  cidlier  c-f  Lh 


anil  Singbhim  <fn),  imam  fonnity  |o  gncite  Micrs,  associated  eruptive  rocks,;  metalliferous 
veins  (63).  CMIpi  gtiSbor  Sdletelsi  series  of  Central  Provinces.  Gwalior  system,  uncoil. 

gi  jup1  absence  of  disturbance,  original  limitation  165),  gymiv  lemains,  V01CIMC  I  m.K 
norcellamc  beds  <60;  limestone  beds  t  .cm  itilc  shall  s,  outlier  at  Hindaun,  antiquity  of 
tic  Gwalior  system  ((.7).  AravaUi  system,  limitation  and  doubtful  separation,  apparent 
passage  Into  gneiss,  uitcoaformably  covered  by  the  Delhi  system,  conglomerates  near 
Udaipur  [681.  Jasper  beds  iu  Aravalli  system.  granite  intrusions,  Delhi  system,  distribution, 
BUbdivisioiriotj),  Alwaf  quartzite,  Delhi  systemnear  Mlmach,  unconformity  at  :  tese  of.Delhi 
ecries  (71.1,  reported  paasrge  into  gneiss.  Bedsia  contact  with  Gwalioraof  Hiudsnn  171), 
post, Gwalior  age  of  Delhi  system  ;  flexible  sandstone.  Chintol  a  ml  Kirana  hills,  unliquily 

felsiles,  doubtful  ago,  formerly  considered  Lower  Vimhiyol],  unconformity  with  Upper 
Vindhyacs,  resemblance, to  AravaUi  felsites  or  Tosha®  f74).  classed  as  transition,  Fossi- 


CONTENTS. 


group,  general  description  (223),  palaeontological  contradiction  between  flora  and  fauna 
(224),  upper  oolitic  age.  Correspondence  of  horizons  with  Europe  (225),  general  results 
Of  the  examination  of  the  Cutch  Cephalopoda.  Jurassic  rocks  of  Western  Rajputand 
(226),  Bdltner  sandstone,  Jaisalmcr  limestone,  Bedesar  and  Parihar  groups  (227),  Abur 
group  or  Kuchri  ammonite  bed.  Salt  range,  connection  in  Cutch  jurassics  (228).  Hima¬ 
layas,  Spiti  Shales,  Giumal  sandstone,  Jurassics  of  Hazara  (229).  Doubtful  jurassics  of 
Western  Garhwdl,  Tal  beds.  (230.) 


CHAPTER  X. 

Marine  cretaceous  rocks  or  the  Indian  Peninsula. 

History  (231),  distribution  and  relation  to  other  rocks  (232),  classification.  Ulalur 
group,  general  description  (233I,  coral  reefs,  littoral  character  of  upper  beds,  derivation 
of  sediment  from  the  north  (234),  fossil  wood,  distribution,  fauna  (235),  middle  ere- 
taceous,  presence  of  older  forms  ;  Trichinopoli  group,  general  description,  granitic 
pebbles  (236),  source  of  the  pebbles,  littoral  character  of  deposits,  unconformable  to  Uta- 
tiir  group  (237),  distribution,  fauna,  jurassic  types  (238)  ;  Ariyalur  group,  possible  sub¬ 
division  (239),  conformity  to  Trichinopoli  group,  distribution  (240),  relation  to  older  and 
newer  rocks,  mode  of  formation,  richness  of  fauna  (241),  upper  cretaceous  age,  jurassic 
types,  abundance  of  gasteropoda,  occurrence  of  Megalosaurus  an  oolitic  reptile  (242). 
Richness  of  South  Indian  cretaceous  fauna  (243),  paleontological  anomalies,  creta¬ 
ceous  fossils  of  Sripermatur  (244);  distribution  of  invertebrate  fossils,  in  the  groups 
(245).  Affinities  of  fauna  with  Khasi  hills  cretaceous  fauna  (246),  and  with  South  African 
cretaceous  fauna  (247),  former  continuity  of  coast  line.  Western  India,  Bagh  beds 
(248),  general  description,  nodular  limestone,  Deola  and  Chirdkh&n  marl,  coralline  lime¬ 
stone  (249),  fauna  of  the  groups  (250),  correlation,  Cenomanian  age,  contrast  to  fauna  of 
South  Indian  cretaceous  (251),  large  proportion  of  European  forms,  cre*aceous  fauna  of 
Arabia,  contrast  with  South  African  fauna  (253 1,  a  land  barrier  between  the  marine  prov¬ 
inces.  Nimar  sandstone,  doubtful  cretaceous  age,  possibly  Mahadeva.  Wadhwan  sand¬ 
stones  of  Kathiawar  (253),  equivalence  with  Nimar  sandstones,  and  age.  Stratigraphies! 
relation  to  Deccan  trap  (254). 


CHAPTER  XI. 

Deccan  That. 

Extent  (255),  name,  peculiarities  of  scenery  (256),  vegetation,  petrology,  abundance, 
of  atnygdaloids  (257),  columnar  structure,  volcanic  ash  (258),  bole  beds,  mineral  constitu¬ 
ents  (259),  secondary  minerals,  zeolites  (260),  horizonlality  of  bedding,  thinmsF  of  separ¬ 
ate  flows  <261),  sedimentary  beds,  thickness  of  the  series  (262).  l.amcta  group,  general 
description  (263),  relations  to  underlying  rocks,  and  to  overlying  trap,  distribulion,  rarity 
of  fossils  (264),  fauna.  Inlertrappeans  (265),  general  description  (2(  61,  aitti nation  with 
traps,  small  extent  of  individual  beds,  distribution  (267),  fossils,  fresh  wai.r  origin. 
RSjimahendri  outcrops  (268),  infratrappean, fossils, relation  cretaceous  of  S..mlimi  Indian 
marine  origin,  doubtful  correlation  with  Lameta  group  (269),  intetlrnppcans.  description 
fossils,  estuarine  origin  (270),  relationship  of  fauna.  Intcrtrappeans  of  lJumliav.  position 
in  trap  series  {271),  confined  to  uppermost  beds,  description  (272)  fossils,  deposit..!  m 


mar-be<- (2?3)  Ori«in  of  the  traps,  characteristics  of  subaqueous  eruptions,  absence 
of'stottified'Vsh  beds,  or  marine  organisms  in  the  1 Wan  traps  (274)-.  Unevensur- 
fsee  of  underlying  rocks,  snbrmai  erosion  of  Bigh  beds,  fresh  water  origin  of  inter-  - 
strmilied  sedimentary  beds  (275).  hypothesis  of  subaqueous  origin  in  a  large  lake-rejected 
fe7(i)  difficulty  of  accounting  for  horiaontality.  Sources  of  eruption,  evidence  of  ash 
beds,’  distribution  of  dykes  (277),  Rijpipia  hills,  supposed  vents  in  the  Konkan,  trachytic 
cores  (278),  distribution  of  dykes  outside  trap  area  (273),  lavas  flowed  far  from  their 
sources.  Age  of  the  Deccan  trap,  unsatisfactory  evidence  of  JUjatnahendri  beds,  inter- 
Irappean  fauna  (280),  relation  to  eocene  of  France  and  Laramie  of  America,  relation  to 
cretaceous  of  NarbadS  valley  (281)  and  to  tertiary  in  Surat,  Catch,  and  Sind,  general 
conclusion  (282),  Recapitulation,  history  of  the  Deccan  trap  period  (283). 


CHAPTER  XII 

CRETACEOUS  ROCKS  01'  THE  BtiTEA  TENIKSU1AR  AREA, 

Continuity  of  cretaceous  and  tertiary  deposits,  break*  in  the  succession  only  local.  Iso. 
fated  exposures  of  lower  cretaceous  rocks  (285),  Culch,  Chictidli  pass.  Hazdra,  Cretaceous 
of  S’ nd  (286).  Hippurite  limestone  {287),  CaHita  usmtfi  mm  beds  (288),  age,  volcanic  beds- 
Bsluchistar;  (289),  Hippurite  limestone,  BetemnUe  beds,  unconformity,  Duiighan  group<29 o)> 
palrsomological  anomaly  cf  fauna;  section  near  Khebit  uori  5  Snlaiman  range.  Petroleum 
(202).  Afghanistan,  Kandahar  section,  volcanic  beds,  basic  isyj!.  and  syenitic  intrusions  . 
Turkistdn  section.  Centra]  Himalayas,  Chikkitn  serie*|2t'4).  Thibet.  Assam,  Kh3si  frills^ 
coal  beds,  Chera  sandstone  (295),  original  limitation,  Garo  hills,  jaintia  hills  (sflfl).  Arakan 
Yoma,  Ma-i  group,  rocks  included  and  extent.  Supposed  cretacecus  of  Tenasseritn  (297)- 


CHAFFiES.  XI!  L 

tertiary  DEt’OSiTS  (txclu&ivg  those  of  flic  Him-iUyns). 

Peninsular  tertiary  confined  to  west  coast.  Travmscore  (sop),  Ratnsgiri.  Surat  and 
Broach,  latcrite  beds  (300),  mmnnulites,  upper  pravelly  beds  {30  A.  „o  nummulites.  Ter¬ 
tiary  of  extra-peninsular  area,  difference  between  tipper  end  lower.  Tertian, -s  of  Sind,  class! 

Si  cation  <302;.  Ranikol  group,  description  (303)  age :  Balttchsstfui  ares,  Ghazij  group* 
Psaido-congiomerate  {302),  coal  scams,  original  limitation  ;  conformity  of  tertiary  with 
cretaceous.  Klrthar  group  in  Sind  (305),  Rohri  hills, local  unconformity  to  Ranikot  group, 
change  of  character  to  the  south  (306),  relation  to  Ranfkot,  evidence  k  the  rchinoteks* 
B  aluchistan  area,  Spintangi  group,  nodular  structure,  gypsum  beds  {30;) ;  outliers  in  Western 
RdjpuUna,  Ndri  group  in  Sind,  subdivision  (308),  possible  original  limitation,  change' 
of  character  tc  the  -outh  (309),  possible  fluviatile  origin  of  tipper  Sir),  age,  exposures  in 
BalfrcMstaq  {310}.  Gij  group  in  Sind,  absence  of  nurantmbtes,  passage  into  M.-mchhar 
series,  change  of  character  to  the  south  (311),  general  conformity  and  local  unconformity, 
mri  group,  fossils  {312).  Manchh&r  series,  equivalent  to  Siwiliks.  subdivision,  differ¬ 
ence  between  lower  and  upper  (313;,  local  unconformity  to  lower  beds,  general  conformity, 
marine  beds  to  the  south  (314),  distribution  j  Mekran  group  (315),  fossils,  probable  marine 
equivalent  of  the  Manchhars.  Fossils  of  the  Manchhar  series  (310),  character  Of  the 
vertebrate  fauna  (317).  Baluchistan  area,  unconformity  between  Siwalik  and  manmulitic, 
Siv-dliks  of  the  Quetta  valley  plains,  disturbed  river  gravels  (31 S),  vertebrate,  and  aberrant 
fresh  water  molinscan,  fossils  in  Bugti  hills.  Tertiaries  of  dutch  1319).  relation  la  Deccan 
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"  trap,  classification  (320) ;  sub-riummulitic  group  5  gypseous  shales  5  nummulitic  limestone 
(321)  5  arenaceous  group  ;  argillaceous  group,  equivalent  to  C.aj  5  upper  tertiary  (322); 
Kathiawar,  eocene  outcrops,  miocene  beds,  upper  tertiaries  of  Perim  islandf.323).  Mammalian 
fauna,  DwarkA  beds  (324).  Afghan  TurkistAn.  KohAt  tertiaries,  classification  (323),  rock 
salt  and  gypsum  (326),  difference  from  Salt  range  Salt  Marl,  nummulitic  beds  (327),  upper 
tertiaries.  ■  Eocene  Maude,  beds  of  Thai.  Assam,  Garo  hills  nummulitic  (328),  increase 
of  limestone  to  the  east ;  KhAsi  hills,  Cherapunji  coal  (329),  relation  to  cretaceous  fossils 
(330),  a  limit  of  deposition,  easterly  extension  of  nunimulitics.  Coai  measures  of  upper 
Assam  f 33 1 X  probabl e  eocene  age.  Upper  tertiaries,  GArohills,  marine  beds  (332),  disturb¬ 
ance,  outliers  on  high  ground  (333),  NAgA  and  Manipur  hills,  upper  Assam  (334)  Dis¬ 
tribution  of  upper  tertiaries,  original  extent,  special  upheaval  in  Manipur  (335).  Tertiaries 
of  Burma,  classification,  nummuiitics  (336,),  general  description  (337),  coal  bed,  exposures 
west  of  the  Arakan  Yomaj  Pegu  group  (338),  Sitsyahn  shales,  Prome  beds, volcanic  bed, 
extent  (339)  possible  cretaceous  inliers,  possible  representative  west  of  Arakan  Yoma, 
Fossil  wood  group  (340),  fossil  wood,  vertebrate  fossils  (341).  shark’s  teeth,  probable  fresh 
■water  origin,  former  extension  (342);  Upper  Burma,  volcanic  outbursts.  Tertiary  coal 
bearing  beds  of  Tennasserim  (343).  Andaman  and  Nicobar  islands,  Archipelago  series 

<.m>. 

CHAPTER  XTV, 

Tertiaries  or  THE  Himalayas  (including  the  North-  Western  Punjab). 

Two  areas,  central  and  outer  Himalayas.  Indus  valley,  glacial  beds  1345),  doubtful 
tertiary  age,  nummulitic  limestone,  volcanic  beds  1346),  original  extension,  outliers ; 
(747),  tertiaries  of  Hundes.  Doubtful  tertiaries  north  of  Sikkim.  Outer  Himalayas  (348), 
classification,  Sirmur  series,  Subathu  group  (349)  ferruginous  bottom  bed.  relation  to 
older  rocks;  Dagshai  group  (350),  Kasauli  group,  passage  from  marine  to  fresh  water 
conditions  ;  Subathu  inliers  of  Jammu  hills  (351)  Salt  Range  tertiaries,  nummulitic 
limestone,  Cardita  beauiKnnti  beds.  Hill  nummulitic  limestone  of  Hazara  (352),  inliers 
in  newer  tertiaries.  Correlation  of  Eocene  beds,  east  and  west  of  the  Jehlam  (353).  Salt 
range  nummuiitics  older  than  Subathu,  unconformity  at  top  of  Salt  range  nummulitic  lime¬ 
stone,  possible  equivalence  to  hill  nummulitic  limestone,  older  than  Subathu  1354),  Murree 
beds,  age,  mammalian  fossils  from  supposed  Murree  beds  (355).  Siwalik  series  ;  lower 
Siwaliks.  Nahan  group  '3364.  lithological  similarity  to  Dagshai  group,  distinctness,  limi¬ 
tation  (357),  fossils;  middle  and  upper  Siwaliks,  subrerial  origin  Of  Siwaliks  (353)  thickness. 
Age  of  the  Siwaliks,  MollusCan  (359)  and  mammalian  fauna,pleistocene  and  miocene  types, 
general  character  of  fauna  (361),  large  proportion  of  recent  mixed  with  miocene  genera 
(362),  evidence  of  reptiles,  fishes,  and  birds,  pliocene  age  (363)5  relation  to  Manchhar  fauna 
of  Sind.  Pikermi  beds  (364),  fauna,  affinities  to  SiwAlik,  miocene  species  (365),  pliocene 
age.  Migration  of  miocene  mammals  of  Europe  to  Africa  (367),  and  to  India,  11011-exist¬ 
ence  of  Himalayas  in  miocene  period.  Relation  of  SiwAlik  to  recent  fauna,  disappear¬ 
ance  of  dominant  types  (367), .influence  of  the  glacial  period. 


CHAPTER  XV. 


Laterite,  importance,  order  of  description  (369).  composition,  character  ptfn),  scona- 
ceous  aspect  (37l),lithomarge,  detrital  nature,  recementation, barrenness  (37-)-  1  li'-'h  ' 
and  low  level  laterite,  distinction  of  distribution,  no  distinction  of  character  437.5),  diflwnV 
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ol  .wertatntng  rlrtritsl  or  non-dctrital  origin  of  latcrito,  I>i 

rile  fw+Uaterile  of  Itejinaliat  Mils  ^jg),  denudation '  a™i  „  _  .  . 

fate, lie  (v76),  distribution  of  low  level  laterite  (378),  origin  ot  latent*,  dim**  change 
n  .n-’fucnccof  iron  oxide,  hypothesis,  of  origin  by  alteration  of  basalt  (379),  passage  irf 
b«nit  into  Intents,  deficiency  ot  iron  in  basalt  (380).  absence  of  amygdala*  in  laterite,  only 
certain  lava  flows  capable  of  alteration  info  laterite,  hypothesis  no!  universally  applicable 
(3K1).  difficulties  of  supposing  sedimentary  origin, resistance  lo  denudation,  drtrital origin 
of  Bundelkhaml  iaterile  (583),  former  continuity  high  level  laterite  of  Btmddkliand  and 
the  Occran.  Laterite  of  Msisfcar,  vesicular  variety  (3031,  pellcty  variety  of  detrHol  origin, 
vesicular  Iaterile  formed  in  sitn.  iron  ores  of  Ulster,  hypothesis  Of  origin  in  marshes  by 
action  of  vegetation  (384).  Summary  of  theories,  definition  of  latent*,  Iaterile  partly  formed 
fcj  decomposition  of  underlying  rocks,  difficulties,  large  proportion  of  iron  (3851,  time  an 
clement  in  its  formation,  thickness  of  some  patches  due  to  deposition  in  marshes,  climatic 
conditions  of  formation  (386),  Geological  age  in  part  tertiary  <3871,  partly  still  being 
formed.  Laterite  of  east  coast,  not  true  laterite,  mode  ot  origin,  stone  implements  (3S8), 
post  tertiary  origin,  denudation,  antiquity  (380). 


CHAPTER  yCVL  , 

pLglSTOCKttB  -AND  KJ.CEMT  DEPOSITS  {exclusive  cf  ih i  hnlo-Gangellc  allnvmto).  , 
Extent,  difficulty  of  separation  from  tertiary  {391),  classification.  Cuddaloce.  sand¬ 
stones.  extent  (392),  fossil  wood,  age  and  origin  (393),  Wsrkalli  beds,  possibly  tertiary  (394). 
Miliolite  of  Kathiawar,  Cave  deposits  (395).  Alluvial  deposits,  valley  plains- of  Narbada 
and  Tapti,  alluvium  of  eastward  flowing  rivers  (396},  Narbada  alluvium  (39?),  occupies  a 
rock  basin,  fossil  fauna  {398),  stone  implement,  rclalioas  of  fmtna  (309),  flnviattle  prigrn 
(400);  Tapti  and  Ptiraa  alluvium,  salt  wells;  G odd van  alluvial  gravels  (401),  fossils, 
Kistna alluvium  (402},  fossils  and  Hint  implements  diamond  gravels;  East  Coast  allu¬ 
vium  (403),  sufe-fo.  sil  shells,  thickness,  lignite  at  Poodicherri  {404},  submerged  forest 
at  Vdlimukam  ;  smooth  water  anchorages  of  West  Coast  (405)  s  alluvium  of  West 
Coast  (406},  submerged  forest  at  Bombay,  coastal  alluvium  tif  Narbada  and 
Tdpli  (407) ;  Gujarfit  and  Kdlhtawir,  littoral  concrete  (408).  Lake  deposits..  Soils  (499), 
red  soil;  S  %'jisr  (410),  composition  (41 1),  fertility,  distribution  ,'411!,  theories  of  oc%tn 
(+14).  Peat.  Blown  sand  (41 5),  TeH  or  red  sandhills.  Extra-peninsular  ana ;  hills  weirt 
of  the  Indus  (416),  disturbed  subrecent  beds,  gravel  fans,  the  Karcs  (417},  lbrni  pseudo- 
laccstrine  deposits.  Potuar  alluvium,  erratic  blocks  (4 18),  tailed  Indus  t  ravels,  floods  of 
the  Indus  (4.19),  fossils  in  alluvium.  Himalayas;  Kashmir,  Karewas  ;  j  ?  4 ;  Nepdl  ((21). 
Hands,  mammalian  fauna  U20).  Eastern  !,.Ts.  Manipur,  Upper  Cmadwin  valley  (423I. 
Burma,  EngJain  tract  of  older  alluvium  (+24}  Irawadi  delta  (425.) 


'  CHAPTER  XVII. 

The  X5sdo-Gas«et!c  plais. 

Extent  (4  27),  unity  ol  Gangetic  and  Indus  plains,  no  evidence  Of  marine  conditions  to 
Upper  India  (429),  probable  recent  presence  of  sea  in  Sind  (430),  older  anil  newer  allu- 
vnim  4.3 1).  Thickness  of  alluvium  (432),  Calcutta  boring,  pebbles,  peat  bed  (433)5  Borings 
at  Lucknow  (434),  Agra.  Umballa.  Sabsalkot  143s).  Fossils  in  Jumna  alluvium, 
Explanation  of  the  terms  iintkur  (436b  bhtixtr  (437),  tar»i,  ihtingar,  th&iar,  bhur  (438),' 
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Alluvium  of  the  Brahmaputra  in  Assam  (434).  Delta  of  the  Canges  and  Brahmaputra, 
windings  of  rivers  backwardness  of  eastern;  deUa^  change  of  course  of  the 

Brahmaputra  (441),  ‘swatch  of  no  ground.*  The  CJ40) upttr  jungle  (442),  age  of  the 
Gauges  delta,  former  continuity  of  Gangetic  oad  Punjab  livers  (443).  Alluvium  of 
Upper  India .(444).,  cause  of  distinction  between  bhingar  and  khu  iay  (445),  course  of  the 
Ganges  (446),  changes  of  level.  Reh  or  Kalar,  origin  of  Reh  salts  (447),  cause  of  con¬ 
centration,  influence  of  canals.  Salt. well 3  (448).  Alluvium  of  the  Punjab;  lost  river  of 
the  Indian  desert  (449),  former  independent  course  of  the  Sutlej,  the  Saraswati  of  the 
Vedas  (450) ;  recent  origin  of  the  Kbadar.  Alluvium  of  the  I  ndus  in  Sind,  passage  of  the 
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CHAPTER  XVIII. 

THE  AGE  AND  ORIGIN  OV  THE  HIMALAYAS. 

Geographical  limitation  Of  the  Himalayas,  views  regarding  their  orography  (459),  moun¬ 
tain  chains  of  the  north-west  termination  (460),  main  range  probably  an  aggregate  of 
separate  chains.  Three  orOgraphical  regions,  Tibet  (461),  snowy  range  and  lower  Hima¬ 
layas,  Sub-Himalayas,  lesser  elevation  due  to  lesser  upheaval  (462).  Drainage  system, 
rivers  cross  main  range,  cause,  cutting  back  of  transverse  valleys  (463),  direct  evidence. 
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il.ipab,  north-west  of  Madras,  and  (he  little  metamorphie  plateaux,  sue! 
as  the  Shevnroys,  Pacha  maiai,  etc.,  scattered  over  th-c-  !m>  conn  try  of 
the  Carnatic,  sou  fir-west  of  Madras, 

The  peculiarity  of  al!  the  main  dividing  ranges  of  India  is  that  they 
are  merely  plateaux,  or  portions  of  plateaux,  which  have  escaped  denudation. 
There  is  not  throughout  the  length  and  breadth  of  the  Peninsula,  with  the 
possible  exception  of  the  Aravalli,  a  single  great  range  of  mountains 
that  coincides  with  a  .definite  axis  of  elevation,  not  one,  with  the  exception 
quoted,  is  along  an  anticlinal  or  synclinal  ridge.  Peninsular  India  is,  in 
fact,  a  table-land  worn  away  by  sub-aerial  denudation,  perhaps  to  a 
minor  extent  on  its  margins  by  the  sea,  and  the  mountain  chains  are 
merely  the  dividing  lines,  left  undenuded  between  different  drainage  areas. 
The  Sahyidri  range,  the  most  important  of  all,  consists  to  the  northward 
of  horizontal  or  nearly  horizontal  strain  of  basalt  and  similar  rocks,  cut 
into  a  steep  scarp  on  the  western  side  by  denudation,  and  similarly  eroded, 
though  less  abruptly,  to  the  eastward.  The  highest  summits,  such  as 
Mahahaleshwar  (4,540  feet)  are  perfectly  flat-topped,  and  arc  clearly  un* 
denuded  remnants  of  a  groat  elevated  plain.  South  of  about  1 6°  north 
latitude,  the  horizontal  igneous  rocks  disappear,  the  range  is  composed 
of  ancient  metamorphic  strata,  and  here  there  is,  in  some  places, a.  distinct 
connection  between  the  strike  of  the  foliation  and  the  direction  of  the  hills, 
but  still  the  connection  is  only  local  and  the  dividing  range  consists  either 
of  the  western  scarp  of  the  Mysore  plateau,  or  of  isolated  hill  groups,- 
apparently  owing  their  form  to  denudation.  Where  the  rocks  are  so 
ancient  as  are  those  that  form  all  the  southern  portion  of  the  Sahvifdri,  it  is 
almost  impossible  to  say  how  far  the  original  direction  of  the  range  is  due 
to  axes  of  disturbance;  but  the  fact  that  all  the  principal  elevations,  such 
as  the  Nflgiris  (Ncilgherries),  Palnfs  (Pnineys),  etc.,  some  peaks  of  which 
rise  to  over  8,000  feet,  aro  plateaux,  and  not  ridges,  tends  to  show  that 
denudation  has  played  the  principal  share  in  determining  their  contour. 

The  southern  portion  of  .the  SabySdri  range  is  entirely  separated  from 
the  remainder  by  a  broad  gap,  through  which  the  railway  from  Madras  to 
Beypm-  passes  west  of  Coimbatore.  The  Anamalai,  Palnf,  and  Travail- 
core  hills,  south  of  tins  gap,  and  the  Shevaroy  and  many  other  hill  croups 
scattered  over  the.  Carnatic,  may  be  remnants  of  a  table-land  once  united 
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to  the  Mysore  plateau,  but  separated  from  it  and  from  each  other  by 
ancient  marine  denudation.  Except  the  peculiar  form  of  the  hills,  there 
is  but  little  in  favour  of  this  view,  but  on  the  other  hand,  there  is  nothing 
to  indicate  that  the  hill  groups  of  the  Carnatic  and  Travancore  are  areas 
of  special  elevation. 

The  whole  of  the  western  Sdtpuras,  from  their  western  termination  in 
the  Rdjpipla  hills  to  Asirgarh,  consist  of  basaltic  traps,  like  the  Sahyddri, 
It  is  true  the  bedding  is  not  horizontal,  but  the  dips  are  low  and  irre¬ 
gular,  and  have  no  marked  connection  with  the  direction  of  the  range. 
The  central  Sitpuras,  comprising  the  Pachmarhf  or  Mahddeva  hills,  from 
the  gap  in  the  range  at  Asirgarh  to  near  Narsinghpur,  are  composed  chiefly 
of  horizontal,  or  nearly  horizontal,  traps,  but  partly  of  sandstones  and  of 
metamorphic  rocks,  and  there  is  here  again,  as  in  the  southern  Sahyadri, 
some  connection  between  the  strike  of  the  foliation  in  the  latter  and  the 
direction  of  the  ranges.  The  highest  peaks,  however — those  of  Pachmarlu 
{4,380  feet) — are  of  horizontal  mesozoic  sandstones.  Farther  east  still 
the  Sdtpuras  consist  entirely  of  horizontal  traps,  terminating  in  the  plateau 
of  Amarkantak,  east  of  Mandld.  East  of  this  plateau  there  is,  north  of 
Bildspur,  a  broad  expanse  of  undulating  ground  at  a  lower  level,  and 
farther  to  the  eastward  again  rises  the  metamorphic  plateau  of  Chutia 
Ndgpur,  capped  in  places  by  masses  of  horizontal  trap  and  laterite.  Ihese 
formations  were  apparently  once  continuous,  across  the  low  ground  near 
Bildspur,  with  the  same  strata  on  an  equal  elevation  at  Amarkantak. 
Similar  outliers  occur  on  the  Bundelkhand  plateau,  north  of  the  Narbadd, 
all  tending  to  the  same  conclusion — that  the  low  valleys  of  central  India 
are  merely  denudation  hollows,  cut  by  rain  and  rivers  out  of  the  original 
plateau  of  the  Peninsula.  The  chief  exceptions  lo  this  law — the  instances 
in  which  the  strike  and  dip  of  the  rocks  appear  to  have  produced  import¬ 
ant  effects  on  the  contour  of  the  country— are  to  be  found  amongst  the 
metamorphic  and  transition  formations. 

It  is  true  that  some  small  ridges  are  formed  or  azoic  and  mesozoic  sand¬ 
stones,  in  places  where  the  beds  of  these  systems  have  been  disturbed, 
but  the  only  important  lines  of  disturbance  in  either  appear  to  be  due  to 
older  axes  of  metamorphic  foliation,  and  it  is  a  rare  case  to  find  that  the 
strike  of  the  sandstones  appears  to  have  much  effect  upon  the  directions  of 
the  hills  and  valleys.  A  possible  exception  occurs  in  the  Damodar  valley 
in  Bengal,  but  even  this  is  a  disputed  case,  and  the  subject  nil!  be  dis¬ 
cussed  in  the  chapters  relating  to  the  Gon.dwa.11a  system. 

This  remarkable  absence  in  the  Indian  Peninsula  of  any  evidence  of 
disturbance  in  late  geological  times— a  feature  which  abruptly  distinguishes 
the  whole  area  from  the  remainder  of  Asia— will  be  further  notl.vd  in  the 


respectively,  and  these  two  alternate  with,  and  | 
a  manner  that  rs  at  preseat  not  understood. 

The  most  northerly  range  is  the  Safed  Koh  wh 
the  neighbourhood  of  Kabul,  farming  the  south 
Kdbul  river,  till  it  ends  in  British  territory,  t'u 


v.'iiif'f.  K  fmiml  striking  nor'b  ,w!  s-.iHl,  along  the  u  estern  frontier,  nitd  at 

•:i.;  smiiliHU  Jiniil  this  bends  mmsi  ini/,  (be  and  west  turt.mg  *  ills*  of 
,|i,  i;„  ,{|.  null-,  ,1  „ti,h.  \\i  oh* -<o,d- to  n*  ir  f>*--<t,i.  lb*  b  II,  agam 
iai;>!  a  southerly  beml,  an,!  the  firahuik  r-.sifS  Xbtbm  reugr  s  >  uu  north  ^  aotl 
smith  Vmdire  w.'.Ki,  the  strike:  ngaiu  changes,  and  in  western  Babkhistin 

.iKUi^.-uun.islaiidi,^!, 

At  their  eastern  cxln.-milv  the  Fi imdlayns  arc  me!,  in  a  manner  that 
I, as  not  been  worked  out.  by  a  rerios  of  hills  which  at  ljrj-t  strike  s'Wth- 
v,  ertwards,  afterwards  bending  round  to  a  more  southerly  direction  in 
tin:  N.lgd  hills,  where  the  principal  ridge  is  known  as  the  !\if.k<)i.  They  run. 
through  the  Manipur  country  southwards,  til!  they  nre  continuous  with  the 
range  of  hills,  known  as  the  Arak.w  Toma,  which  lies  hetwoea  the  Ira  wadi 
vu  Hey  and  the  Ray  of  Bengal, 

Besides  these  principal  systems  of  hill  ranges  there  are  two  minor  ones 
lo  bo  noticed  which,  despite  n  total  dili'cri.-mre  of  Liu;  rocks  they  are  com¬ 
posed  of,  show*  a  considerable  similarity  in  their  structure  and  geographical 
position,  subtending  as  they  do  the  angles  between  the  southern  margin 
of  the  Himalayas  and  the  hills  which  meet  theni  at  either  extremity.  The 
fust  of  those  is  the  Salt-range  in  the  Punjab,  the  second  that  set  of  hills, 
coiled  for  convenience  the  Assam  range,  inhabited  by  the  Griro,  Khisi 
and  Jaiutia  tribes.  In  both  rases  the  hills  are  composed  of  a  plateau 
with  a  steeply  scarped  face  to  the  south,  along  which  there  is  an  axis  of 
abrupt  folding,  accompanied  by  more  or  less  faulting-  This  similarity-  of 
structure  and  position,  in  spite  of  great  difference  in  the  rocks  of  which 
they  are  composed,  would  seem  to  show  that  their  elevation  is  a  direct 
result  ot  the  same  great  series  of  movements  of  the  earth's  crust  which 
resulted  in  the  elevation  of  the  hill  ranges  forming  the  extra-peninsular 
limits  of  the  Indo-Gaugctic  alluvium,  but  they  cannot  be  regarded  as  belong-1 
ing  to  any  of  the  mountain  systems  whose  re-entering  angles  they  subtend. 

To  the  east  of  the  Irawadi  valley  there  is  a  great  series  of  mountain 
chains,  stretching  southwards  through  the  Shan  states  til!  it  terminates  in 
the  Malay  peninsula,  of  whose  geography  and  geology  even  less  is  known' 
than  of  the  hills  beyond  the  western  frontier  of  inriia. 

The  drainage  system  of  the  extra-peninsular  hills  everywhere  shows  the 
peculiarity  that,  though  the  valleys  often  run  along  the  strike  of  the  hills  for 
long  distances,  the  streams  and  rivers  always  sooner  or  later  break  across 
the  axes  of  maximum  elevation.  This  peculiarity'  is  very  noticeable  in  the 
case  of  the  Bimdlayas,  whoso  river  system  must  be  deferred  to  a  future 
chapter,  but  is  in  some  respects  more  conspicuous  in  the  case  of  the  hills  , 
west  of  the  Indus, 

Here  the  ridges  are  mostly  formed  by  the  hard  limestone  cores  of  anti-  . 
Cisnal  folds  through  which  the  streams  flow  in  narrow  precipitous-sided 


It  must  not  be  sii| 


height  of  the  crests 
It  will  be  shown  inti 


rivers,  the  Mahtinadf,  Goddvari,  Kisl-na,  and  Cauvery, — the  only  other 
"Irontns  of  any  importance  lining  the  northern  and  southern  Fenner.  ' 

This  iinslt  fly  trend  of  the  drainage  is  probably  of  very  ancient  date,  as 
there  are  patches  of  littoral  marine, deposits  along  the  east  coast,  ranging 
ns  far  back  as  the  close  of  the  Jurassic  period,  which  show  that,  since  that, 
period  at  least,  the  eastern  coast  o!  the  Peninsula  lias  maintained  very  much 
its  present  position.  On  the  west  coast  no  marine  Sediments  older 
iliau  the  upper  tertiary  are  known,  if  we  except  the  cretaceous  beds  of  the 
lower  Narbadd  valley.  At  the  dose  of  the  Deccan' trap  period,  that-  is  the 
commencement  of  the  tertiary  era,  dry  land  must  have  extended  consider¬ 
ably  west,  of  the  coast  line;  south  of  the  trap  area  the  evidence  is  only 
negative,  but  the  absence  of  any  large  valleys  draining- in  this  direction 
suggests  that  the  present  position  of  the  shore  line  is  of  more  recent  origin 
than  that  of  the  east  coast,  and  that  the  earth  movements  which  gave  rise  to 
it  were  either  loo  slow,  or  more  probably  not  of  a  nature,  to  change  the, 
easterly'  course  of  the  drainage. 

There  can  be  no  doubt  that,  beyond  the  limits  of  the  Peninsula;  there  have 
been  very  great  changes  in  the  distribution  of  laud  and  sea  since  the  com¬ 
mencement  of  the  tertiary  era  and,  even  in  the  latest  part  of  it,  the  great 
disturbances  which  the  rocks  have  undergone  mnst  have  been  accompanied 
by  great  changes  of  shore  Sine.  But  when  we  come  to  the  post-tertiary  period 
and  enquire  whether,  on  the  whole,  there  has  been  elevation  or  subsidence, 
the  evidence  is  contradictory,  hi  the  alluvium  of  the  Gangetic  delta,  and 
near  Pondicherri,  beds  of  peat,  at  various  levels  below  the  surface  of  the 
ground,  show  that  there  has  been  subsidence,  but  this  is  the  usual,  li  not  in¬ 
variable,  condition  in  a  delta,  and  it  is  more  than  probable  that  all  the  large 
deltas  along  the  coast  are  being  gradually  depressed. 

Along  thenon-deltaic  portions  of  the  coast  evidences  of  sub -recent  eleva¬ 
tion  are  found  in  coral  reefs  and  marine  deposits  raised  above  the  preseht 
level  of  the  sea.  The  low  level  laterile  of  the  east  coast  lies  on  a  gentle 
slope  of  the  older  rocks,  unaffected  by  subaerial  erosion,  such  as  is  formed 
by  the  sea,  and  must  have  been  deposited  either  before  or  shortly  after  this 
was  raked  above  sca-Ievcl, 

The  escarpment  of  the  Sahvidri  range— a  remarkable  feature  of  the  hills 
parallel  to  the  western  coast  of  Uie  Peninsula — has  frequently  been  noticed 
as  furnishing  evidence  of  a  rise  of  land.  Throughout  the  trap  country  of  the. 
Bombay  presidency,  the  Western  Ghdts  rise  from  the,  Konkau  in  an  almost 
unbroken  wall,  varying  in  height  from  2,ooo  104,000  feet,  cut  back  in  places 
by  streams,  projecting  here  and  there  into  long  promontories,  but  preserv¬ 
ing  throughout  a  singular  resemblance  to  sea  cliffs.  Tin's  resemblance, 
however,  ceases  to  a  great  extent  to  the  southward,  where  the  melamorphic 
rocks  replace  the  horizontal  basaltic  traps.  The  escarpments  of  the  MiUva  - 
plateau,  north  of  tlm  Narbada,  and  of  the  Deccan  plateau,  south  of. 


CHANGES  OF  COAST  LINE. 


Chap.  I.] 

Evidence  of  the  advance  of  land  is  to  be  found  on  the  Tinnevelli  coast  ■ 
-  where  the  deserted  town  of  Korkai,  now  five  miles  inland,  has  been  iden¬ 
tified  with  the  “  Kolkoi  Emporium  ”  of  the  classical  geographers.  .  About 
600  B.C,  this  town  was  the  capital  of  a  kingdom  and  apparently  an 
important  sea-port.  By  the  time  that  Marco  Polo  visited  this  coast  in 
1292  A.Di,  the  advance  of  the  land  had  necessitated  the  abandonment  of 
the  old  port  and  the  establishment  of  a  new  one  at  “Cail,”  a  town  which 
also  has  decayed  and  was  forgotten  till  its  site  was  discovered  and  re- 


Fig.  2.— Fart  of  Tinevelly  coast  shewing  present  position  of  old  seaports, 
cognised  by  -Bishop  Caldwell  in  the  modern  village  of  Kayal,  and  made 
public  in  Colonel  Yule’s  edition  of  the  travels  of  Marco  Polo.1 

A  similar  advance  of  the  shore  line  is  said  to  have  taken  place  on  the 
east  coast  of  the  Gulf  of  Cambay,  and  it  is  said  that  the  Rann  of  Cutch 
was  once  a  gulf  of  the  sea  with  s'ea-ports  on  its  shores, and  that  remains  of 
ships  have  been  found  imbedded  in  the  mud2.  The  Rann  is  now  a  sort  of 
debateable  land,  being  flooded  during  the  south-west  monsoon  and  a  dry 
barren  mud  flat  during  the  rest  of  the  year ;  tire  change,  which  has 
indubitably  taken  place,  if  not  so  recently  as  has  been  supposed,  was 
doubtless  due  to  silting  up,  partly  aided  by  a  slight  elevation  of  the  land. 

The  evidences  of  alterations  of  level  along  the  sea  coast,  which  have 
been  detailed  above,  point  to  a  slight  elevation  of  the  land  during  the 
post-tertiary  period,  though  too  small  to  have  any  appreciable  influence 


This  is  important  in  iis  bearing  cm  the  evidence  that,  there  is  of  the 
mid  ot  the  glacial  puiod  having  be  on  felt  in  the  peninsula  oi  India 
There  is  no  physical  evidence,  so  far  as  is  known,  of  a  geologically  recent 
cold  epoch,  am!  some  geologists  have  doubted  whether  India  was  affected 
by  the  glacial  period."  In  the  Himalayas  there  is  everywhere  abundant 
evidence  of  the  glaciers  having  extended  to  lower  levels  than  they 
reach.  Grooved  and  polished  rock  surfaces  have  been  found. now  at  as 
low  a  level  as  7,500  foot  in  Pdngi,*  and  in  a  higher  latitude  large  boulders 
axe  found  imbedded  in  the  fine  silt  of  the  Potwar  at  an  elevation  of 
less  than  2,000  feet  above  the  sea.2  Besides  these  there  are  many  cases  of 
large  erratic  blocks  and  supposed  mo  train  es  which  have  been  referred  by 
some  observers  to  glaciers  and  by  others  to  river  action.  The  positive 
and  mimistakeable  proofs  of  a  period  colder  than  the  present  are  suffi¬ 
cient  to  enable  us  to  discard  ail  the  more  doubtful  evidence,  and  more- 
recent  investigations  have  shown  that  it  cannot  be  attributed,  as  was  once 
suggested,8  to  a  former  -greater  elevation  of  the  Himalayas  than  the}’  now 

These  indications  do  not.  point  to  a  sufficient  diminution  of  teroperh: 
ture  of  the  Himalayas  to  make  it  probable,  or  even  possible,  that  there 
should  be  any  actual  physical  proofs  of  the  glacial  period  having  been  fell 
in  the  Peninsula,  and  it  is  of  importance  to  ascertain  whether  there  is  any' 
collateral  evidence  of  a  cold  period  having  affected  India  in.  later  tertiary 
or  post-tertiary  tiroes,  it  being  remembered  that  a  genera!  refrigeration 
of  the  earth’s  surface,  sufficient  to  produce  an  arctic  climate  in  Europe, 
would  not  diminish  the  temperature  of  the  Indian  Peninsula  beyond  the 
average  of  the  temperate  rone  at  the  present  day. 

The  argument  is,  briefly,  as  follows.  On  several  isolated  hill  ranges, 
such  as  the  Nflgiri,  Anamalai,  Shevaroys  and  other  isolated  plateaux  in 
Southern  India,  and  on  the  mountains  of  Ceylon,  there  is  found  a  tem¬ 
perate  fauna  and  flora,  which  does  not  exist  in  the  low  plains  of  South¬ 
ern  India,  but  is  closely  allied  to  the  temperate  fauna  and  flora  of  the 
Himalayas,  the  Assam  range  (Gdro,  KMsi,  and  NdgA  hills),  the  mountains 
of  the  Malay  peninsula,  and  of  Java.  Even  on  isolated  -peaks,  .such  as 
Parasndth  (4,500  feet  high  in  Behar)  and  on  Mount  Abu  in  the  Aravalli 
range,  several  Himalayan  plants  exist.  It  would  take  up  too  much  space 
to  enter  into  details  ;  the  occurrence  of  a  Himilayan  plant  like  Rhodo¬ 
dendron  arboreum,  and  of  a  Himdiayan  mammal  like  Marten  fiaviguia 
on  both  the  Nflgiris  and  Ceylon  mountains,  will  serve  as  an  example  of  a 
considerable  number  of  less  easily  recognised  species.  In  some  cases  there 
is  a  closer  resemblance  between  the  temperate  forms  fouiuhon  the  peninsular 
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hills  and  those  on  the  Assam  range1  than  between  the  former  and  Himd-  ■ 
layan  species,  but  there  are  also  connections  between  the  Himalayan  and 
peninsular  temperate  regions  which  do  not  extend  to  the  eastern  bills. 
The  most  remarkable  of  these  is  the  occurrence  on  the  Nflgiri  and  Anamalai 
ranges  and  on  some  hills  further  south,  of  a  species  of  wild  goat  ( Capra 
hylocrius),  belonging  to  a  sub-genus  {Hemilragus),  of  which  the  only  other 
known  species,  C,  jemlaica,  inhabits  the  temperate  region  of  the  Hima¬ 
layas  from  Kashmir  to  Bhutan.  This  case  is  remarkable,  because  the 
only  other  wild  goat  found  completely  outside  the  Palrearetic  region  is 
another  isolated  form  on  the  mountains  of  Abyssinia. 

The  range  in  elevation  of  the  temperate  fauna  and  flora  of  the 
oriental  region  in  general  appears  to  depend  more  on  humidity  than 
temperature,  many  forms  which  are  peculiar  to  the  higher  ranges 
in  the  Indian  hills  being  found  represented  by  allied  species  at  lower 
elevations  in  the  damp  Malay  peninsula  and  archipelago,  and  some  of 
the  hill  forms  are  even  found  in  the  damp  forests  of  the  Malabar  coast. 
The  animals  inhabiting  the  Peninsular  and  Singalese  hills  belong,  for  the 
most  part,  to  species  distinct  from  those  found  in  the  Himalaya  and 
Assam  ranges.  In  some  cases  even  genera  are  peculiar  to  the  hills  of 
Ceylon  and  Southern  India,  and  one  family  of  snakes  is  unrepresented 
elsewhere.  There  are,  however,  numerous  plants  and  a  few  animals  in¬ 
habiting  the  hills  of  Southern-  India  and  Ceylon,  which  are  identical  with 
Himalayan  and  Assamese  hill  forms,  but  which  are  unknown  throughout 
the  pltrins  of  India. 

That  a  great  portion  of  the  temperate  fauna  and  flora  of  the  Southern 
Indian  hills  has  inhabited  the  country  from  a  much  more  distant  epoch 
than  the  glacial  period  may  be  considered  as  almost  certain,  there  being 
so  many  peculiar  forms.  It  is  possible  that  the  species  common  to  Ceylon, 
the  Nilgiris,  and  the  Himalayas,  may  have  migrated  at  a  time  when  the 
country  was  damper  without  the  temperature  being  lower,  but  it  is 
difficult  to  understand  how  the  plains  of  India  can  have  enjoyed  a 
damper  climate  without  either  depression,  which  would  have  caused 
a  large  portion  of  the  country  to  be  covered  by  sea,  a  diminished  temper¬ 
ature  which  would  check  evaporation,  or  a  change  in  the  prevailing  winds. 
The  depression  may  have  taken  place,  but  the  migration  of  animals  and 
plants  from  the  Himalayas  to  Ceylon  would  have  been  prevented,  rather 
than  aided,  if  the  southern  area  had  been  isolated  by  sea,  so  that  it  may¬ 
be  safely  inferred  that  the  period  of  migration  and  the  period  of  depression 


weft-,  not  contemporaneous.  A  change  in  the  prevailing  winds  is  improb¬ 
able  so  long  as  the  present  distribution  of  hind  and  water  exists,  ami 
the  only  remaining  theory,  to  account  for  the  existence  of  the  same 
species  of  animals  and  plants  op.  the  Himalayas  and  the  hills  of  southern 
India,  is  depression  of  temperature.1 

The  Indian  empire  can  boast  of  one  volcano,  .which  is  at  present 
dormant,  but  has  been  in  active  eruption  within  the  century.  Barren  island 
in  the  Bay  of  Bengal  is  not  only  a  perfect  model  of  a  volcano,  but  is  ■ 
classical  in  the  history  of  geological  controversy;  It  has  been  repeat¬ 
edly  referred  to  and  described  by  geological  writers,  but  the  earlier  refer¬ 
ences  were  all  more  or  less  inaccurate,  and  it  is  only  within  the  last  Yew 
years  that  a  careful  description  of  it  has  been  given  by  Mr.  F.  R.  Mallet.® 

The  volcano  of  Barren  island  has  an  irregularly  circular  form  of  about 
2  miles  in  diameter,  composed  of  an  outer  rim.  rising  to  a  height  o.f 
from  700  to  1,000  feet  above  the  sea  and  surrounding  a  slightly  ellipti¬ 
cal  amphitheatre,  whose  larger  axis  runs  north-east  and  soutlpwest  with 
a  length  of  about  9  furlongs.  Prom  the  centre  of  this  a  cone  of  re-  ' 
markably  regular  form  rises  to  a  height  of  1,015  feel  above  the  sea.  The 
depression,  where  the  slope. of  this  1  cone  and  the  inner  slope  of  the; 
amphitheatre  meet,  has  a  ‘maximum  elevation  of  300  feet  above  the  sea, 
and  is  almost  entirely  occupied  by  three  distinct  lava  streams.  3t  is 
evident  that  the  island  was  once  much  higher  than  it  is  at  present,  and  the 
outer  rim  marks  the  limit  of  the  crater,  produced  by  some  great  paroxys¬ 
mal  eruption  which  blew  away  all  the  upper  portion  of  the  old  cone. 
The  bottom  of  this  old  crater  must  have  been  much  below  the  level 
of  the  sea  and,  for  a  time,  before  the  new  cone  attained  its  present 
dimensions,  the  sea  must,  as  is  represented  in  the  older  descriptions  of 
the  island,  have  flowed  round  its  base,  between  it  and  the  Toot  of  the  inter¬ 
nal  slope  of  the  amphitheatre,  but  there  is  no  authentic  record  of’any  one 
ever  having  seen  this  stage.  In  1789,  when  Blair  saw  the  island,  the.sfea 
did  not  penetrate  into  the  amphitheatre,  which  had  all  been  filled  up  to 
above  sea-level.  The  volcano  was  then  in  active  eruption,  throwing  out 
blocks  and  scoriae,  and  it  may  be  that  it  had  been  visited  at  some 'eariifcr 
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period,  before  the  hollow  was  completely  filled  up,  and  that  the  only  record 
left  of  this  visit  is  to  be  found  in  the  erroneous  description  which  was  at 
one  time  current  in  text-books. 

It  must  be  remembered  that  the  portion  of  the  volcano  above  sea-level, 
which  is  all  that  has  been  referred  to  in  the  description,  is  but  an  insigni¬ 
ficant  portion  of  its  whole  bulk.  Soundings  taken  by  Captain  Carpenter, 
show  that  the  cone  rises  from  a  depth  of  800  fathoms  below  the  sea,  and 
that-  the  total  height  is  consequently  some  6,000  feet  at  present,  or  was 
8,000  feet  before  the  upper  part  of  the  outer  cone  was  blown  away.1 

At  tbe  time  of  Blair’s  visit  there  appears  to  have  been  no  lava  stream 
in  the  gap  where  the  outer  rim  is  breached,  but  in  1832  the  lava  was 
there,  and  still  so  hot  that  the  water  in  contact  with  it  was  boiling.  Since 
that  period  the  flow  has  cooled  down  and  the  temperature  of  the  water, 
which  percolates  beneath  the  lava  and  issues  as  a  spring  on  the  sea  shore, 
has  steadily  diminished  at  each  visit,  till  it  was  no  more  than  uo°  F.  in 
18S6,2  It  seems  certain,  therefore,  that  this  lava  flow  was  poured  out  later 
than  1789,  and  probably  within  the  present  century. 

Seventy-five  miles  north-north-east  of  Barren  island  lies  the  island  of 
Narcondam,  indubitably  of  volcanic  origin  like  the  former,  but  composed 
almost,  if  not  quite,  entirely  of  hornblende  andesite  lava  with  little  or  no 
volcanic  ash.  It  is  not  certain  whether  this  volcano  ever  had  a  crater, 
as  it'  may  have  been  of  the  so-called  endogenous  type,  formed  by  the 
quiet  extrusion  of  lavas  unaccompanied  by  any  crater-forming  materials. 
The  complete  obliteration  of  the  crater,  if  there  ever  was  one,  is  in  itself  an 
indication  of  the  period  for  which  the  volcano  has  been  extinct,  and  in  any 
case  the  deep  ravines,  with  which  its  sides  are  scored,  are  an  equally 
eloquent  testimony  of  the  time  during  which  subaerial  denudation  has  been 
uninterruptedly  at  work,  so  that  this  volcano  has  probably  been  longer 
extinct  than  either  of  the  two  that  follow. 

About  50  miles  north-north-west  of  Yenangyouog  and  25  to  30  miles 
east-south-east  of  Pagdn,  both  large  towns  on  the  Irawadi,  the  extinct 
volcano  of  Puppa3  rises  to  a  height  of  about  3,000  feet  above  the  undulating 
country  composed  of  pliocene  sands  and  gravels.  The  mountain  has 
preserved  its  original  form  to  some  extent,  but  the  crater  has  been  greatly 
broken  down  by  denudation,  and  the  rim  completely  cut  away  at  one 
point,  where  the  drainage  from  the  interior  has  made  itself  a  means  of 
exit.  The  peak  consists  of  ash  breccia,  but  lava  flows,  mostly  trachytic, 
form  the  lower  slopes  and  the  surfaces  around  the  base  of  the  volcano. 
Among  these  flows  are  some  of  a  very  beautiful  porphyry,  with  crystals  of 
pyroxene. 

The  horizontal  beds  of  gravels  and  sands  around  the  base  of  the  volcano 
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be  noticed  that  the  Admiralty  chart  of  the  Bay  of  Bengal  marks  a  sound- 
*ng  of  5  fathoms  in  east  longitnde  80°  42',  north  latitude  I2°  46',  with  the 
remark  ‘  Doubtful  ’ ;  the  position  would  agree  sufficiently  well  with  that 
indicated  in  the  account,  and  the  depth  is  that  which  would  be  produced 
by  the  action  of  the  waves. 

I  his  also  is  the  best  place  to  notice  a  very  curious  crateriform 
lake,  situated  in  the  interior  of  the  Indian  Peninsula,  near  the  village 
of  LonAr,  about  40  miles  east  by  north  of  JAlna  in  the  northern  part  of 
the  NizAm’s  territory,  and  about  half-way  between  Bombay  and  Ndgpur. 
The  surrounding  country  for  hundreds  of  miles  consists  entirely  of  Dec- 
can  trap  and  in  this  rock  there  is  a  nearly  circular  hollow,  about  300  to 
400  feet  deep  and  rather  more  than  a  mile  in  diameter,  containing  at 
the  bottom  a  shallow  lake  of  salt  water  without  any  outlet,  whose  water 
deposits  crystals  of  sesquicarbonate  of  soda.  The  sides  of  the  hollow 
to  the  north  and  north-east  are  absolutely  level  with  the  surrounding 
country,  whilst  in  all  other  directions  there  is  a  raised  rim,  never  exceed¬ 
ing  100  feet  in  height  and  frequently  only  40  or  50,  composed  of  blocks 
of  basalt,  irregularly  piled,  and  precisely  similar  to  the  rock  exposed 
on  the  sides  of  the  hollow.  The  dip  of  the  surrounding  traps  is  away 
from  the  hollow,  but  very  low.1 

It  is  difficult  to  ascribe  this  hollow  to  any  other  cause  than  volcanic 
explosion,  as  no  such  excavation  could  be  produced  by  any  known  form 
of  aqueous  denudation,  and  the  raised  rim  of  loose  blocks  around  the 
edge  appears  to  preclude  the  idea  of  a  simple  depression.  It  is  true  that 
there  is  no  sign  of  any  eruption  having  accompanied  the  formation  of  the 
crater,  no  dyke  can  be  traced  in  the  surrounding  rocks,  no  lava  or  scoriae 
of  later  age  than  the  Deccan  trap  period  can  be  found  in  the  neigh¬ 
bourhood.  The  raised  rim  is  very  small,  and  cannot  contain  a  thousandth 
part  of  the  rock  ejected  from  the  crater,  but  it  is  impossible  to  say  bow 
much  was  reduced  to  fine  powder  and  scattered  to  a  distance,  or  removed 
by  denudation. 

Assuming  that  this  extraordinary  hollow  is  due  to  volcanic  explosions, 
the  date  of  its  origin  still  remains  to  be  determined.  That  this  is  long 
posterior  to  the  epoch  of  the  Deccan  traps  is  manifest,  for  the  hollow 
appears  to  have  been  made  in  the  present  surface  of  the  country,  carved 
out  by  ages  of  denudation  from  the  old  lava  flows.  To  all  appearance 
the  Lonar  lake  crater  is  of  comparatively  recent  origin,  and  if  so  it 
suggests  that,  in  one  isolated  spot  in  India,  a  singularly  violent  explo¬ 
sive  action  must  have  taken  place,  unaccompanied  by  the  eruption  of 


Associated  with  true  volcanoes  in  mime  at  least,  even  if,  as  is-  held  by 
many  ({eulogists,  in  nothing  else  Ufttn  name,  art  road  volcanoes,  of  which 
two  principal  groups  arc  known,  in  Ifutma  on  the:  east,  and  Baluchistin  on 
UK*  west,  wf  India,  rcspfcrivdy. 

Of  Ibc  Burma n  ones  file  best  known  arc  those  of  .Mlnbu  on  the  frawadi, 
and  those  of  the.  islands  of  Ramrf  and  Cbcduba  or.  the  Arakan  coast.1  Afew 
nfhers  arc  reported,  but  they  are  small  and  isolated,  anti  consist  only  of 
temporary  outbursts. 

The  Ramrf  mud  volcanoes  are  more  Interesting  than  the  others,  since 
they  alone,  so  far  as  is  known,  are  subject  to  paroxysmal  eruptions  of  great 
violence,  and  from  them  alone  stones  have  been  ejected  and  flames  emitted, 
Some  of  the  principal  phenomena  may  be  bib  fly  d'*cc  ,bed  1  ere.  Thrre 
are  about  a  dozen  or  rather  more  vents  in  Ramrf  Island  itself,  more  than  half 
i  hat  number  in  Chcduba,  and  a  few  in  the  other  neighbouring  islands.  Hear 
Kyauk-pyu  in  Ramrf,  six  occur  in  a  line,  within  a  distance  of  about  a  mile 
and  a  half  along  the  summit  of  a  low  broad  ridge. 

Many  of  the  vents  consist  of  truncated  cones,  built  up  of  the  dried  mud 
ejected  by  outbursts  of  gas.  The  crater,  filled  with  more  or  less  liquid  or 
viscid  mud  through  which  the  gas  escapes,  occupies  the  top  of  the  conical 
hillock.  The  majority,  however,  of  the  Ramrf  mud  volcanoes  consist 
of  mounds,  composed  on  the  surface  of  angular  fragments  of  rock  and 
having  scattered  over  them  a  few  small  mud  cones  with  craters  at  the  top, 
varying  in  height  from  a  few  inches  to  eight  or  ten  feet.  When  gas  ceases 
to  be  omitted  from  a  vent,  the  mud  Is  rapidly  washed  away,  by  rain  and 
there  remains  a  low  mound,  composed  of  angular  fragments  of  rock  which 
were  ejected  together  witli  the  mud,  and  the  repetition  of  a  similar' process 
accounts  for  the  formation  of  the  mounds.  The  mound's  in  Ramrf  are  from 
50  to  100  yards  in  diameter,  with  a  height  of  from  1 5H0  30  feet,  two,  of 
exceptional  size,  near  Pagoda  hill  In  Cbeduba, being  200  to  250  yards  across. 
The  cones  in  which  the  mod  is  viscid  are  very  steep,  being  built  up  partly 
of  small  quantities  of  mud,  spurted  oat  by  the  evolution  of  gas  so  as  to  form 
a  hard  rim  round  the  mud  crater,  partly  of  mud  poured  out  from  the  crater 
down  the.  slopes  through  broken  portions  of  the  rim. 

Besides  the  gas  and  mud,  a  small  quantity  of  petroleum  is  .  usually 
discharged  from  the  vents.  The  gas  consists  mainly  of  marsh  gas  (light 
carburetted  hydrogen),  probably  mixed  with  some  of  the  more  volatile 
hydrocarbons  usually  associated  with  pefxoleum.  The  mud  is  simply  the 
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grey  shale  or  clay  of  the 
salt  in  solution. 

The  association  of  pel 
Frequent  emission  of,  usu 
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METAMORPHIC  AND  CRYSTALLINE  ROCKS. 

Gneissose  rocks  of  the  Peninsula  of  two  ages— The  older  gneiss— The  newer  gneiss— Bun  del- 
khandgneiss— Newer  gneiss  of  Singrauli— Contrast  with  gneiss  of  Bundetkhand— Cbutid 
Ndgpur — Orissa— Central  Provinces— Haideribad-Nellore— Bellary— ' The  southern  Kon- 
kan— Malabar -Nilgiris— Trichinopoii and  Arcot— Madura  and  Tinnevelli  -  Instrusi  ve  trap 
of  Southern  India— Gneissose  rocks  of  the  Aravallis— Extra-peninsular  India— Afghan¬ 
istan -Himsilajras— Assam— Hills  east  of:  the  Irawadi  and  Malay  Peninsula. 

The  oldest  rocks  in  India,  and  consequently  the  first  to  be  considered 
in  the  arrangement  adopted  in  this  book,  are  those  belonging  to  the  great 
series  of  gneissose  rocks,  which  covers  a  larger  area  in  the  Peninsula  of 
India  than  all  the  newer  formations  put  together,  and  forme,  the  'foundation 
on  which  they  are  built  up.  In  spite  of  the  great  interest  of  the  numerous 
problems  presented  by  these  rocks,  they  have  as  yet  received  but  little 
attention  from  the  Geological  Survey,  its  energies  having  been  mainly 
directed  towards  those  districts  where  the  most  important  results  were  to 
be  expected  in  the  shortest  time,  and  we  have  consequently  but  little 
detailed  information  regarding  the  gneissose  rocks,  except  in  the  imme¬ 
diate  neighbourhood  of  the  sedimentary  formations. 

How  imperfect  is  our  present  knowledge  of  these  rocks  majr  be  judged 
from  the  fact  that  it  has  been  found  impossible  to  distinguish,  on  the  accom¬ 
panying  map,  between  true  gneiss  and  intrusive  granite.  It  is  only  within 
late  years  that  the  frequency  with  which  granite  lias  acquired  gneissose 
characters  has  been  recognised,  and  it  is  highly  probable  not  only  that 
some  large  exposures,  of  what  has  been  described  as  granitoid  or  massive 
gneiss,  are  composed  of  gneissose  granite,  but  that  what  have  in  many  cases 
been  described  as  beds  of  gneiss,  interbedded  with  non-felspathic  schists,  arc. 
in  reality  veins  of  granite  which  have  been  intruded  along:  the  foliation 
planes,  and  subsequently  acquired  a  parallel  arrangement  of  flirir  cen.-ui- 
tuent  minerals.  Under  these  circumstances  it  is  impossible  to  attempt 
anything  like  a  complete  or  connected  account  of  the  gneissose  rocks, 
and  the  following  pages  must  be  taken  as  the  merest  sketch,  whose  main 
use  will  be  to  show  how  much  has  yet  to  be  learnt. 


gone,  and  the  most  important  of  these  is  the  recognition  of  the  fact  that  ' 
She  gneissose  rocks  do  not  belong  to  a  single  system,  but  are  comprised 
:n  two  or  more  distinct  systems  differing  in  age  from  each  other. 

The  oldest  of  these,  often'1  described  as  the  Buitdelkhasd  gneiss 
from  its  having  been  first  recognised  in  the  country  of  that  name,  is 
characterised  by  its  massive  structure,  with  the  foliation  generally  but 
obscurely  developed,  and  the  extreme  rarity  of  accessory  minerals.  It 
has  been  recognised  in  BundeiTchand,  in  the  gneissose  inhere  of  Siag- 
bhum  and  in  the  Bellary  district,  and  it  is  possible  that  the  massive 
granitoid  gneisses  of  other  parts  of  Southern  India  may  belong  to  the  same 
system.  In  the  first  and  last  named  districts,  and  apparently  also  in  the 
second,  it  formed  the  floor  on  which  the  oldest  distinctly  sedimentary  beds 
of  the  Peninsula  were  deposited,  showing  that  rt  must,  even'  at  that, 
remote  period,  have  been  an  ancient  rock  which  had  undergone  a  great 
amount  of  sub-aerial  denudation.  These  facts  indicate  a  greater  unity,  of 
character  than  can  be  found  in  the  very  diverse  characters  of  what  lire 
believed  to  be  the  newer  gneisses,  and  seem  to  show  that  the  Bundelkhand 
gneiss  may  be  considered  as  a  true  rock  system. 

The  second,  or  newer,  type  of  gneiss  exhibits  a  much  better  deve- 
-  Loped  foliation  , as, a -raic,  ii  is- 'at  times  interbedded  with  schists  and  is 
distinguished  from  the  first  by  the  abundance  and  variety  of  the  accessory 
minerals  it  contains.  The  rocks  of  this  division  are  looked  upon  as  newer 
than  those  already  mentioned,  firstly,  because  no  unconformable  contact 
of  original  deposition,  between  them  and  the  sedimentary  beds  of  the 
older  transition  systems,  has  been  observed,  secondly,  because,  where 
they  are  in  contact  with  the  latter,  bands  of  gneiss  have  in  several  places 
been  observed  apparently  interstratified  with  the  distinctly  sedimentary 
beds,  and  thirdly,  because  the  general  type  of  rock  is,  according  to  theories 
that  are  widely  held,  newer  than  that  of  the  Bundeikhasid  gneiss,  All 
three  of  these  arguments  are  open  to  dispute.  As  regards  the  first  it 
may  be  observed  that  the  presence  of  a  contact  of  original  unconformity 
with  the  transition  beds  has  of  itself  been  held  sufficient  to  show  that 
the  gneiss  belongs  to  the  older  class,  as  regards  the  second,  there  is  no  evi¬ 
dence  in  the  recorded  observations  to  show  that  the  supposed  interbedded 
gneiss  is  not  gneissose  granite  intrusive  along  the  planes  of  bedding,  or 
-.5.  foliated  arkose,  arid  as  regards  the  third,  the  theories  are  hy.no  means 
comply tely  established,  Still,  though  absolute  proof  is  wanting,  there  is  a 
distinct  bdfen£e  °f  evidence  in  favour  of  the  more  foliated  gneisses  being  of 
newer  origin  thaii  wit  massive  forms,  and  this  is  in  accordance  with  the' type 
which  the  foliated  gneisses  and  their  accompanying  beds  of  crystalline 
schist  exhibit,  intermediate  between  that  ol  the  granitoid  gneiss  on  the 
one  hand  and  the  distinctly  sedimentary,  though  metamorphosed,  beds  of 
the  transition  systems  on  the  other. 
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In  the  only  critical  and  detailed  examination  of  the  gneisses  of  the 
Peninsula  that  we  have  at  present,!  Lacroix  has  suggested  the  existence 
of  groups  of  successive  origin  among  the  gneisses  of  the  Salem  district 

and  Ceylon.  His  investigations  were  based  entirely  on  specimens  whose 
localities  had  been  but  imperfectly  recorded,  and  the  suggestion  still  lacks 
that  confirmation  from  detailed  observations  in  the  field  which  alone  could 
render  it  authoritative,  It  is,  however,  probable,  as  will  appear  in  the 
sequel,  that  there  are  more  than  two  successive  series  of  gneisses  repre¬ 
sented  in  the  Peninsula  of  India. 

After  these  introductory  remarks  it  will  be  best  to  proceed  to  a  brief 
review  of  the  principal  points  of  our  knowledge  of  the  gneisses  in 
different  districts  of  the  Peninsula,  commencing  with  that  of  Bundel- 
khand. 

This  gneiss  forms  the  basis  of  lower  Bundellchand,  as  distinguished 
from  the  higher  portions  of  that  district  lying  on  the  adjoining  V'indhyan 
plateau.  On  the  north-north-east  border,  for  200  miles,  the  gneiss  is 
gradually  covered  by  the  superficial  deposits,  forming  outlying  and  mar¬ 
ginal  portions  of  the  Gangetic  plains;  at  an  elevation  of  500  to  600  feet 
above  the  sea.  Elsewhere  the  area  is  very  sharply  bounded  by  a  scarp 
of  overlying  formations,  whether  Vindhyan  or  transition.  Along  the  base 
of  the  scarp  to  the  south-west  the  elevation  varies  between  1,000  and 
1,200  feet  above  the  sea,  the  scarp  itself  rising  to  1,960.  The  gneiss 
sometimes  forms  hills,  but  the  general  features  of  the  ground  are  flat,  un¬ 
dulating  uplands,  sparsely  cultivated,  including  shallow  valleys  and  plains 
of  alluvial  land. 

Gneiss  is  by  far  the  commonest  rock.2  It  may  be  described  as  consist¬ 
ing  of  some  six  minerals — red  orthoclase  felspar,  a  white  plagioclastic 
felspar  (probably  oligoclase),  quartz,  hornblende,  chlorite,  and  mica,  In 
any  one  place  the  gneiss  may  contain  only  two  of  these,  or  it  may  in¬ 
clude  all  of  them.  With  regard  to  texture  every  variety  is  met  with, 
from  a  homogeneous  felstone,  in  which  no  individual  mineral  can  be  dis¬ 
tinguished  even  with  a  lens,  to  a  coarsely  porphyritic  rock,  including 
felspar  crystals  more  than  two  inches  long.  The  orthoclase  nearly  always 
forms  the  main  mass,  and  exceeds  in  quantity  all  the  other  minerals  to¬ 
gether.  Its  ordinary  colour  is  a  darkish  red,  but  now  and  then  it  is  much 
paler,  and  almost  or  quite  white.  In  such  cases  it  is  not  easy  to  distin¬ 
guish  the  felspars  on  a  fresh  fracture,  when  both  occur,  but  the  difference 
becomes  apparent  on  a  weathered  surface.  The  orthoclase  has  a 
vitreous,  or  somewhat  pearly,  lustre  and  translucent  aspect,  (lie  othor  Is 
1  Bull.  Sor.  Franf.  Mineral.,  XII,  83,  (18S9) ;  j  2  The  characters  of  the  rod: .  of  this  n-cc  arc 
Records,  XXIV,  155,  (>891)'  from  the  rq...,!»  ,  ,f 
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nni.-on.-i!  and  biaxial,  aud  of  varying  colon rs,  green,  brown,  black,  and 
.‘.livery-while.,  the  las*  heimy  rare  and  chiefly  fount)  in  the  southern,  part 
of  the  aftei, 

Foliation  is  seldom  well  developed,  the  rock  being  very  commonly  to 
all  appearance  perfect  granite,  but  no  direct  evidence  has  been  obtained, 
beyond  this,  of  the  existence  of  t rut;  granite,  and  sometimes,  by  close 
examination,  traces  of  foliation  may  be  detected  in  rock  which  at  first 
sight  appears  quite  devoid  of  it.  This  foliation  has  generally  an  east- 
north-east  direclioi!,  but  varies  to  north-east  and  eusi-scmth-e.ast.  The 
planes  are  more  or  less  vertical. 

The  subordinate  varieties  of  rock,  all  combined,  are  of  very  insigni-. 
Scant  e:;lciit  in  comparison  to  the  gneiss.  One  of  the  most  prominent  is 
hornblende  rock,  which  sometimes  resembles  trap  very'  closely,-  parts 
of  it  being  as  fine-grained  as  the  intrusive  dykes  of  diorile.  or  the  over¬ 
flowing  basaltic  trap,  and  weathering  into  similarly  rounded  lumps,  but 
this  variety  passes  into  a  much  coarser  kind,  in  which  the  felspar  and 
quartz  arc  well  separated.  The  most  trappean  looking  portions,  more¬ 
over,  contain  thin  strings  and  films  of  epidote,  which  have  not  been 
observed  iu  the  trap.  Another  well-marked  variety  contains  about  equal 
quantities  of  hornblende  mid  while  or  greenish-white  felspar,  in  crystals 
about  an  eighth  of  an  inch  Song.  This  rock  sometimes  contains,  in  addi¬ 
tion,  an  inconsiderable  proportion  of  reddish  felspar,  quartz,  and  green 
mica,  and  very  minute  specks  of  iron  pyrites. 

Besides  the  hornblende-rock,  taicose,  homMertdie,  chloride,  quartzose, 
and  even  argillaceous  schist,  and  the  combinations  of  these  with  each  other, 
occur  with  the  gneiss.  Mica  schist  has  not  been  observed.  Schists  are  of 
very  rare  occurrence  in  the  gneiss  generally,  but  all  the  above  varieties  are 
to  be  found  in  some  force  in  the  southernmost  part  of  the  area,  in  the 
Maraura  region.  This  peculiarity  of  distribution  is  so  marked  that  it  - 
was  thought  that  the  schistose  strata  might  here  be  separable  from  the 
gneiss,  a  suggestion  which  is  much  encouraged  by  the  fact  that  the  great 
quartz-reefs,  elsewhere  so  prevalent  in  the  gneiss,  stop  short  of  this  ground, 
but  it  has  not  as  yet  been  found  possible  to  draw'  a  line  between,  the 
gneissic  ami  the  schistose  subdivisions.  Gneiss  of  the  usual  type  is ’still 
a  prevalent  rock  in  the  schistose  area,  and  is  the  most  southerly  rock  scon 
at  Shiihgarh.  it  seems,  too,  to  be  truly  associated  with  the  schists.  We 
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may  perhaps  at  least  infer  that  in  this  region  we  have  the  top  of  the 
gneissic  series  of  Bundelkhand. 

It  is  a  noteworthy  fact  that  over  the.  whole  of  this  large  area  of  oneiss 
not  a  single  bed  of  limestone  has  been  detected. 

Pegmatite  veins,  from  a  few  inches  to  a  foot  or  two  in  breadth,  are 
very  common,  ff  these  were  intrusive,  it  might  be  expected  that  they 
would  be  somewhat  uniform  in  composition,  irrespective  of  the  nature  of 
the  surrounding  rock,  hut  it  has  been  invariably  observed  that  the  felspar 
of  the  vein  is  the  same  as  that  of  the  rock  adjacent,  whether  the  latter  is 
orthoclase  or  plagioclase,  or  includes  both,  the  chief  difference  consisting 
in  the  larger  crystallisation  and  in  the  Usual  absence  of  the  third  mineral 
(hornblende,  etc.)  in  the  veins,  It  is  therefore  presumable  that  the  veins 
were  formed  by  segregation  at  the  time  of  the  crystallisation  of  the  gneiss. 

The  almost  total  absence  of  accessory  minerals  in  these  rocks  is 
remarkable,  Mr.  Mallet  only  mentions  epidote  sparingly  in  the  horn* 
blende  rock,  schorl  in  some  of  the  small  quartz  veins  of  the  Maraura 
region,  small  grains  of  ilmenite  in  some  of  the  pegmatite  veins,  and 
strings  of  altered  kyanite  in  the  quartzose  rock  of  Dhankua  hill.  Small 
pieces  of  galena  have  been  sent  from  Jhansi  for  analysis,  but  their 
locality  is  not  known,  and  they  may  not  have  been  procured  from  the 
gneiss.  Iron  ore  has  been  extensively  burrowed  for  at  Dhawara,  it  is  a 
decomposed  earthy  condition  of  the  banded  haematite  and  quartz.  The 
absence  of  any  trace  or  tradition  of  gold  in  connection  with  the  quartz 
reefs  is  noteworthy. 

All  over  lower  Bundelkhand  long  narrow  serrated  ridges  composed 
of  quartz-reefs  form  a  most  striking  feature  of  the  landscape.  They 
run  in  straight  lines,  generally  with  a  north-east  to  south-west  direction, 
sometimes  attain  an  elevation  of  600  feet  over  the  surrounding  country, 
and  are  exclusively  confined  to  the  gneissic  series.  They  are  pretty 
equally  distributed  over  the  ground,  with  the  exception  noticed  in  the 
southern  region,  which,  moreover,  lies  right  across  the  strike  of  the  reefs 
to  the  north-east. 

The  prevalent  strike  of  these  quartz-reefs  is  about  north-east  by- 
north,  but  varies  from  north-north-west  to  east  north-east,  The 
breadth  of  the  veins  varies  from  a  few  feet  up  to  100  yards,  in  the  reef 
west  of  Bhagwa.  Some  of  them  are  traceable  in  a  direct  line  for  more 
than  60  miles,  the  local  interruptions  which  occur  being  sometimes  due 
to  removal  by  denudation,  sometimes  to  strangulation  of  the  vein  itself. 
Other  reefs,  again,  though  of  full  thickness  and  very  prominent  at  the 
Surface,  are  short  and  end  abruptly.  There  is  a  good  case  of  this  at 
Dehri,  where  a  broad  reef,  300  feet  high,  is  only  about  a  mile  long,  no 
trace  of  it  occurring  in  the  gneiss  to  the  north  or  south,  fhe  narrow 
gaps  by  which  the  minor  streams  in  many  places  cross  tin-  r.-.-f,-  -:iv< 
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l.uiHv  f,!i  1  in-  foi  m.ii  inn  r  f  l.ik>!  t.  ,i  v,  ry  riio  t  Jam  i«  often 
sufficient  to  pond  bad;  h  large  surface  of  wafer,  and  many  of  the  mimer- 
artificial  inker.  in  Bmicididiand  are  formed  in  this  way, 

Tlte  reefs  are  often  affected  by  ji)int-j>!iinr:s,  which  sometimes  give  an 
,ij>j ,  innc  <■{  Inin  end'  1  Bedding  <<f  Uv  imi-s.  When  p.nalh  1  wifi,  the 
direction  of  the  reef  itself  they  suggest,  in  a  more  puzzling  manner,  the 
impression  of  a  bedded  mass.  Now  and  then  the  quart:' is  much  shattered. 
At  Dcnk.ulli  mid  Ongpura  samples  might  be  taken  for  the  BijSwar  lioru- 
slone.hrccci:!,  a  description  of  which  will  be  found  tm  a  subsequent  page, 
Foliation  is  often  developed,  owing  to  the  metarnorphre  condition  of 
the  reefs  themselves,  and  it  usually  extends  to  the  contiguous  gneiss,' 
which  is  generally  so  amorphous.  When  the  foliation  in  both  rocks  has 
the  same  direction  as  the  reef  itself,  the  quart?  mass  might  be-  taken  to 
he  interbedded  with  the  gneiss.  Generally  the  foliation  is  oblique  to  the 
direction  of  the  vein,  while  still  the  same  as  that  of  the  gneiss, 

Many  of  the  reefs  arc  of  greyish -white  quartz.  Frequently  they  con¬ 
tain  a.  large  amount  of  impure  serpentine,  and  occasionally  they  are  formed 
almost  entirely  of  this  material.  The  more  northerly  of  the  two  ridges  at 
Dallipur  is  an  example.  At  Rajapur  a  band  of  nearly  black  serpentine 
occurs,  apparently  a  continuation  of  the  quartz  vein  to  the  north.  In 
many  cases  the  gneiss  is  serpentinous  for  some  distance  on  each  side  of  a 
vein,  there  being  no  distinct  separation  between  the  two  rocks,  but  ser- 
peutinous  gneiss  has  not  been  observed  except  near  a  quartz  veiti.- 
Steat'te  takes  Ibe  place  of  serpentine  in  a  few  veins. 

From  liis  observations,  as  above  sketched,  Mr,  Mallet  concludes  that 
the  reefs  were  probably  formed  before  the  metamorphism  of  the  gneiss 
was  accomplished. 

Many  of  the  quartz-rccfs,  as  well  as  the  gneiss  itself,  are  traversed  by 
more  recent,  and  much  smaller,  veins  of  pure  white  quartz,  the  thickest  not 
much  exceeding  one  foot  in  breadth.  They  are  very  frequently  crystalline  . 
anddmsy  in  the  centre,  and  they  arc  always  sharply  distinct  from  the  rocks 
they  traverse.  Their  direction  is  very  irregular. 

The  gneiss  of  Bundeikhand  is  also  remarkable  for  being  traversed  by 
extensive  trappean  intrusions,  none  of  which  penetrate  any  of  the  younger 
formations.  These  dykes,  of  true  igneous  rock,  are  more  numerous  than  the 
quartz-reefs,  and  exhibit  nearly  as  much  regularity  in  their  course,  their 
prevailing  direction  being  about  north-west  by  north,  so  as  to  cut:  the  reefs 
obliquely  at  an  angle  of  about  70°  Some  few  run  east  of  north,  or  due 
west  Many  are  of  considerable  size,  a  breadth  of  too  Feet  being  not 
unfrequent,  while  some  are  much  wider.  They  are  often  persistent  for 
great  distances.  The  commonest  type  is  an  extremely  hard  and  longh 
close-grained  greenstone  (diorite),  in  which  the  hornblende  and  the  white 
felspor  are  sometimes  clearly  separated.  The  reck  often  weathers  into 
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observation.1  lie  gives  Hie  following  tabular  abstract  of  the  constituents 
>J  Hit  gneiss  in  Singrauli,  a  petty  principality  now  absorbed  in  .the  RcwA 

state  and  adjoining  districts.—- 

i,~ 'Minerals  occurring  as  cnnsli. penis  of  the  gneiss  t — 

Quarts,  orthorlnse,  uligodase,  muscovite,  biotite,  hornblende,  epidote. 

a.— Occurring  in  beds  in  the  gneiss ■  . 

Limestone,  dolomite,  corundum,  magnetite,  quartz  as  quartzite  and 
quartz-schist,  hornblende  as  hornbiende-rock,  Ireniolite-rock  and. 
Jade,  mica  as  mica-schist,  epidote. 

3.— Occurring  in  veins  in  the  gneiss  »— 

Qiiartz  in  veins  and  reef-quartz,'  strlbite  (?) 

b.  — In  pegmatite  veins  (as  constituents) :  orthoclase,  oiigorlase,  quartz, 

St — In  epktalie  veins  S  epidote*  quartz* 

,p— Accidental  minerals  in  the  gneiss 

Magnetite,  iimenite,  schorl,  garnet. 

5, — Accidental  minerals  occurring  in  the  subordinate  beds; {2)  of  the  gneiss: — 

<».— Its  the  limestone— rnagnetits,  pyrsle,  htematite, '  serpentine,  chrys<v 
tile,  phlogopite:  (?),  wollastunite. 
i,— -In  corundum  bed— schorl,  eupbyillte,  diaspore. 

c.  — In  jade  bed  (associated  with  corundutnj—corundum,  rutile  (?},  schorl, 

euphyllite, 

q. — Accidental  minerals  occurring  in  the  veins,  etc.,  in  the  granite  veins:. — 

((.-•In  the  quartz-veins— micaceous  iron,  tremolite,  augite,  epidote,  schorl, 

S.~ In  the  quartz-reefs— galena,  cerussite, 

■*.— In  the  pegmatite  veins— schorl,  garnet. 

To  this  list  may  be  added  the  minerals  found  by  Mr.  Mallet  in  the 
same  zone  further  to  the  east,  in  HazArfbdgh  :  lepidolite,  .  tourmaline, 
beryl,  apatite,  leucopyrite,  and  tinstone.  Zircon  is  also  said  to  occur. 

The  contrast  between  the  minerals  named  in  this  table  and  the  con¬ 
stituents  of  the  Bundelkhand  gneiss  is  very  striking.  The  most  marked 
differences  are  the  abundance  of  the  disseminated  quartz,  the  compara¬ 
tive  frequency  of  limestone,  and  dolomite,  and  of  mica  schist,  and  the 
general  occurrence  of  accessory  minerals  in  the  Bengal  gneiss. 

The  structural  characters  present  another  noteworthy  point  of  con-  • 
trast  between  these  two  gneiss: c  series.  In  Bundelkhand  the  rock  is 
generally  homogeneous  and  amorphous,  the  foliation  obscure  and  con¬ 
stantly  in  more  or  less  vertical  planes,  as  if  due  to  the  causes  which 
produce  cleavage.  In  the  Bengal  gneiss  bordering  the  BijAwar  basin  on 
the  south,  the'foliation  coincides  with  what  appears  to  be  the  original  lami¬ 
nation  and  bedding.  It  has  a  general  east-north-east  strike,  corresponding 
with  that  of  the  main  rock-boundaries,  but  the  alternating  strata  frequently 
red!  about  at  low  angles  of  dip,  or  are  crushed  together  confusedly,  the  ' 
foliation  constantly  agreeing  with  the  lie  of  the  beds,  A  third  point  of 
:  Mr,  wort  I: a;  been  only  partially  published,  Records,  V,  iS;  VI,  ,|2  ;  VII, 32,  ( *872-74). 
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contrast  is  in  the  relation  to  the  overlying  transition  formations,  which 
rest  nearly  horizontal  and  undisturbed  on  the  gneiss  of  Bundelkhand,  and 
are  uniformly  disturbed,  metamorphosed  and  subjected  to  granitic  intru¬ 
sions  where  they  occur  in  contact  with  the  gneiss  of  the  Bengal  area. 

Quartz-reefs  have  been  described  in  this  gneiss  also,  but  to  a  very 
subordinate  extent,  and  their  origin  as  veins  is  in  many  cases  open  to 
question.  A  common  mode  of  occurrence  of  this  quartz,  or  quartzite,  is  close 
to  the  boundary  of  the  slate  and  gneiss  series,  but  it  does  not  coincide  with 
their  junction,  and  it  is  not  in  any  sense  a  contact-formation  separating 
sharply  distinct  types  of  rock.  It  occurs  in  the  strike  of  the  foliation  and 
stratification,  and  may  well  be  an  altered  quartzite. 

There  is  a  rock  common  in  this  northern  area  of  the  Bengal  gneiss, 
perhaps  occurring  most  typically  within  the  zone  mainly  occupied  by  the 
transition  series.  It  is  known  as  dome  gneiss,  from  its  weathering  into 
great  hemispherical  or  ellipsoidal  masses  of  bare  rock,  the  only  divisional 
planes  being  concentric  layers  of  exfoliation'.  The  domes  are  often 
several  hundred  feet  high,  and  form  a  very  peculiar  object  in  a  landscape. 
Foliation  is  always  more  or  less  traceable,  and,  in  every  respect  of  texture 
and  composition,  the  rock  is  the  same  as  that  of  the  thin  bands  alternating 
with  schists  in  the  adjoining  ground*  Both  are  often  porphyritic,  the 
dome-gneiss  generally  so,  containing  large  ill-formed  (rounded)  crystals 
of  felspar.  There  can  be  no  doubt  that  the  peculiar  form  exhibited  by 
this  rock  is  due  to  the  occurrence  of  large  masses  of  more  homogeneous 
composition  than  usual,  but  the  question  is  how  these  conditions  were 
produced,  whether  we  must  not  suppose  a  partial  degree  of  plasticity  to 
have  been  attained,  and  whether  the  rock  is  not  in  a  manner  intrusive. 
At  the  Kaiipalidr  and  the  Bhiaura  hills  on  the  northern  fringe  of  the 
Hazaribagh  plateau,  and  the  Mandar  hill  of  the  Bhdgalpur  district  in  the 
same  geological  region,  there  are  very  typical  examples  of  the  dome-gneiss. 

The  comparative  rareness  of  trap-dykes  in  the  Bengal  gneiss  is  another 
point  of  contrast  with  the  Bundelkhand  area.  In  some  parts  they  are 
pretty  frequent,  perhaps  most  so  in  the  vicinity  of  the  basins  of  Gondwana 
rocks,  where  they  are  often  continuous  into  such  basins,  thus  fully  establish¬ 
ing  their  comparatively  recent  date,  but  they  are  by  no  means  generally 
distributed. 

Pegmatite  is  not  uncommon  in  the  gneiss  of  Singrauli.  Mr.  Mallet 
does  not  consider  this  to  be  intrusive,  its  composition  varying  with  t lu- 
rock  it  traverses,  as  was  explained  in  tie  case  of  the  pegmatite  of 
Bundelkhand.  In  northern  Hazaribagh,  however,  he  describes  the  extensive 
occurrence  of  intrusive  pegmatitic  granite,  ramifying  in  (lie  most  intricate 
manner,  in  veins  and  dykes  of  from  £  inch  to  50  yards  wide,  through  both 
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.is  til  a  l  given  in  the  tabular  statement.  The  gneiss  No*  4  is  said  to  occur 
in  a  band  separating  the  granitoid  gneisses  from  No.  3,  and  to  overlie 
boliu  It  seems  probable,  however,  that  an  outcrop  of  the  Dh^rwdr  system, 
which  had  not  been  separated  when  the  survey  was  made,  has  been  included 
with  the  mefcamorphicsv 

In 'the  northern  portion  of  this  area  a  fifth  form  of  gneiss  is  known, 
whieh  haS'been  described  as  the  Bezwada  gneiss1  from  the  town  cd  thutnam.e, 
where  it  k  typically  developed.  It  forms  a  band  along  the  edge  of  the 
alluvial  area,  from  the  Kistna  northwards  to  the  Godavari,  and,  from  its  posi¬ 
tion  as  well  as;  the  less  degree  of.  inolamorphism  it  has  undergone,  is 
believed  to  be  newer  than  the  other  gneisses.  With  the  exception  of  thin 
subordinate  bands  of  quartz-schist  and  quartzose  gneiss,  the  usual  rock 
is  of  a  dark  brownish  colour,  composed  principally  of  lustrous  red  tnurclii- 
sonite,  wViich  sometimes  so  predominates  that  there  are  scams;  and  oven 
thick  bedsy  of  felspar  rock,  the  imirclrisomte  being  then  granular.  -Gamete' 
arc  frequently  scattered  through  the  rock  and  often  extremely  abundant. 
1  lore  and  there  graphite  occurs  in  sufficient  abundance  to  convert  the  rock 
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their 'commercial  value,  but  the  size  of  the  crystals  can  perhaps  be  best 
realised  from  the  photograph  reproduced  in  figure  3. 


In  the  south  Marithd  country,  and  in  the  Bellary  district, .the  massive 
type  of  gneiss,  resembling  that  of  Bundelkband,  is  largely  developed. 
The  outcrops  form  broad  bands  intervening  between  the  strips  of  trans¬ 
ition  rocks,  which  rest  on  an  eroded  surface  of  the  granitoid  gneiss. 
There  are  two  principal  types  of  this,1  first  a  fine  or  medium-grained  red¬ 
dish  or  grey  rock,  sometimes  so  homogeneous  as  to  be  hardly  distin¬ 
guishable  from  a  felsite,  whose  most  remarkable  accessory  mineral  is 
pistacite,  occurring  in  veinlets  and  films  lining  the  joints,  and  also  as  grains 
scattered  through  the  mass  of  the  rock.  The  other  type  is  coarse-grained, 
often  highly  porphyritic,  and  is  principally  developed  in  the  west,  while 
.  the  finer-grained  types  are  more  common  in  the  east  of  the  district.  The 
foliation  in  the  coarse-grained  porphyritic  rock  is  very  obscure,  and  the 
prevailing  felspar  a  pink  ortboclase. 

Schistose-foliated  gneiss  is  found  in  a  band  lying  between  the  massive 
porphyritic  rock  of  Bellary  and  the  baud  of:  Dbdrvvars  to  the  south-west,  the 
principal  form  of  rock  is  quartzo-hornblendie,  but  no  sections  showing  the 
contact  of  this  rock  with  those  on  either  side  were  seen. 

Numerous  veins  of  granite,  composed  of  quartz,  red  or  pink'orthoclase, 
and  pistacite,  are  found  intersecting  the  granitoid  gneiss  near  Gooty,  and 
the  schistose  bornblendic  gneiss  further  south. 

The  crystalline  rocks  in  Bellary  district  are,  as  a  rule, [very  unlike  the 
mass  of  the  gneisses  in  the  east  and  south  of  the  Peninsula,  but  bear 
a  very  strong  petrographical  likeness  to  the  Bundelkband  gneiss.  The 
resemblance  is  not  only  a  petrographical  one  in  hand  specimens,  but 
also  a  very  striking  one  in  the  features  of  the  landscapes  of  parts  of  these 
two  widely  remote  regions — a  likeness  abundantly  confirmed  by  compari¬ 
son  of  good  photographic  views  of  the  granitoids  in  both  tracts. 

The  long,  narrow,  serrated  edges  of  quartz  reefs,  which  form  such 
frequent  and  striking  a  feature  in  the  Bundelkhand  landscape,  are  nearlv 
as  common  in  Bellary  district  and  other  parts  of  the  Ceded  Districts,  and. 
like  those  in  Central  India,  they  not  unfrequently  attain  to  heights  ol 
500  to  600  feet  and  upwards  above  the  general  level.  The  granitoid 
gneisses  in  Bellary  district  and  the  adjacent  districts  of  Anantdpur, 
Karnul,  and  Cuddapah,  are  also  traversed  by  very  numerous  trap  dykes, 
of  great  size  and  length,  which  often  rise  into  bold  crests  and  ridges,  form¬ 
ing  very  conspicuous  objects  in  the  .landscape.  The  relation  of  these  io 
the  gneisses  and  to  the  great  quartz  reefs  is  precisely  the  same  as  in  the 
typical  Bundelkhand  area. 

*  The  description  in  the  text  is  based  on  Rtcorth,  XIX,  tco,  (.S80)  and  a  tortln-.o.dr.. 

R  B.  Foote,  Memoirs,  XII,  37,  (1.S76);  AU»wi,  on  the  Dollar,  .linnet. 
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gneiss,  in  which  the  foliation  runs  nearly  east  and  west,  but  bends  round  ' 
the  outcrops  of  the  quartzose  gneiss,  in  a  manner  suggesting  very 
strongly  that  they  are  of  different  ages  and  that  the  latter  is  the  oldest. 
Ihe  foliation  is  usually  coincident  with  the  banding  in  all  three  types,  but 
where  the  east  and  west  foliation  bends  round  the  north  and  south  foliation 
there  are  occasional  discrepancies. 

Our  next  note  upon  these  rocks  refers  to  the  south-east  Waindd,  on 
the  uplands  of  Mysore  at  the  north-west  base  of  the  Nflgiris.  In  the  little 
map  published  vrith  Dr.  King’s  report1  on  this  ground  the  greater  part  of 
the  area  is  shown  to  be  within  the  region  of  the  steady  east- north-east 
strike  which  obtains  in  the  -Nflgiris  and  along  the  south-east  edge  of  the 
Mysore  plateau,  but  towards  the  north  there  is  an  area  of  troubled  dips, 
centred  round  two"masses  of  granitoid  rock  forming  the  Mani  malai  and 
Vedakal  malai,  north  of  which  the  foliation  again  passes  into  the  normal 
north-north-west  strike  of  the  Sahyadri.  Dr.  King  treats  these  granitic 
masses  as  doubtfully  intrusive.  This  Nflgiri  strike  is  noted  as  distinctly 
that  of  the  lamination  and  bedding  of  the  gneiss  as  well  as  of  the  folia¬ 
tion,  the  general  dip  here  being  southerly.  Four  belts.,  of  gneiss  are 
lecognised  in  the  south  Wainad,  the  quartzo-bornblendic  gneiss  of  the 
northern  face  of  the  Nflgiris,  and  below  (north)  of  it  the  Devala  band 
of  highly  felspathic  gneiss  with  two  minor  belts  of  chloritic  gneiss. 
"North  of  this  is  the  quartzose  and  ferruginous  band  forming  the  Mar- 
panmadi  range,  beyond  which '  is  a  broad  area  of  more  varied  gneiss. 
"Ihe  auriferous  quartz-reefs  are  perhaps  most  developed  in  the  Devala 
band.  Their  lie  is  peculiar,  the  strike  is  north-north-west,  corresponding 
with  that  of  the  gneiss  in  the  country  to  the  north,  and  at  right  angles  to 
that  of  the  rocks  in  which  they  occur,  yet  they  generally  have  a  low  dip 
from  io°  to  30°  always  easterly.  One  small  trap  dyke  occurs  in  the 
Devala  band,  running  east  by  north,  nearly  in  the  strike  of  the  gneiss. 

In  the  Nflgiris2  massive  (obscurely  foliated)  gneiss  prevails,  but  it 
is  of  a  very  different  type  from  the  massive  gneiss  of  the  south  MarathS 
country,  which  is  granitoid  and  copiously  felspathic.  It  is  in  the  very 
hornblendic  variety  of  the  gneiss,  such  as  prevails  over  the  northern 
portion  of  the  Nflgiri  plateau,  that  the  foliation  is  least  marked. 
The  rock  is  described  as  hard,  tough,  and  black,  breaking  with  an  even 
fracture  and  consisting  of  an  intimate  mixture  of  quartz  and  horn¬ 
blende,  with  some  garnets.  It  was  taken  by  early  observers  for  syenite 
and  greenstone.  A  similar  rock,  but  with  a  variable  proportion  of  felspar, 
is  very  common  in  the  central  parts  of  the  hills  T  here  are  also  several 
strong  courses  of  a  quartz.j-felspalhic  gneiss,  which  has  been  taken 
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i(B, tidily, 

A  fi--v  thin  dykes  r>]  tr.-ip  hate  Jfcti  obrien y.i!  in  she  Nfigiri  bills,  but 
m,  ■/riutiMc  vi  inn,  Small  iir'guhr  veins  of  white  rpmftz  are  common,  Put 
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To  I  he  .south,  U!‘  Well  .T5  fo  th.'s  north.  of  ib-.-Hilgirta  t):e  gowr  of  the 
low  ground  fccraiics  wo II  i ol j.-sted  artel  e,r;i.is,!itee.  Sooth  oi  CcirohMote 
a  band  ol  Im'icMonr:  li.v-  Ix-en  observed  in  the;  ninUunotphie  ro'-hp,  Oranit- 
ic  arc  al>-o  common  in  this  ncighijuiirhood,  bring  especially 

rnnspiuious  in  flic  bill  of  S.iiii;ari  Drag,  but  no  i nf.ru <3 oil  granite  mass 
of  largo  dimensions  occurs.  Mr.  31,  1\  Stanford,  from  whom  the  notes 
t,n  the  Niigiris  are  taken,  describes®  a  band  of  granitic  rock  to  the 
lu'rth  of  Trk  hinopoii,  atsci  points  out  t hat  this  band  is  possible  a  con¬ 
tinuation  of  the  very  sunihi  rod  >  ui  In  f  si  ms  .  ,  nil,  as 

lo  Uni  Weslo  ard,  there  i;~  no  massive  intrusion,  hut  she  whole  baud 
(about  four  Iasi”  miles  wide)  may  bs  considered  rather  as  a  network  ol 
veins,  running  general!}  in  the  plants  of  foJtal'on  of  p.  f haltered  baud 
of  highly  foliated  hoimhlendic  gneiss,  which  is  frequently  twisted  and 
contorted  in  every  direction.  The  veins  consist  of  a  largely  crystalline 
binary  granite,  mica  occurring  Imf  rarely.  The  proportions  of  quartz  and 
felspar  vary  greatly,  and  those  ingredients  sometimes  affect  the  structure 
known  as  graphic  granite.  Mica  is  altogether  a  rare  ingredient  in  the. 
gneiss  of  this  region  of  the.  Peninsula. 

A  considerable  area  of  the  grieissic  rocks  of  Southern  India,  from  the 
Ciuivery  northwards,  has  been  mapped  in  some  detail.  The  geology  has 
been  described  by  Messrs.  King  and  Pooie,  and  the  leading  features  have 
b<  en  made  out,  or  at  least  suggested.'  Hie  belt  of  granitic  nittusio) 
along  the  north  bank  of  the  Cauvery,  already  mentioned,  is  on  an  anticlinal 
,-reis.  Pods  of  variable  gneiss  and  schists,  with  some  limestone,  dtp  from 
it  on  both  sides.  To  the  north  they  pass  under  the  great  mass  of  rocks 
forming  the  several  clusters  of  hills  in  the  Salem  district,  where,  as  in  the 
Nflgiris,  a  syeniloid  hornblendic  gneiss  is  very  prominent  With  it 
arc  associated  the  various  magnesian  schists  from  which  the  magnesite  of 
the  f< chalk  hills''  is  derived  1  and  also  the  great  beds  of  magnetite  which 
have  made  Salem  famous  as  an  iron-producing  district.  These,  are  not 
lodes,  but  regularly  bedded  masses  of  banded  iron-ore  and  quartz,  associated 
with  the  gneiss.  With  the  aid  of  the  very  conspicuous  outcrops  formed  - 
bv  this  rock,  several  great  features  of  contortion  have  been  made  out, 
proving  the  strata  to  be  frequently  repeated  at  the  surface. 


1  Re-rent  unpublished  nbsEfvatisnis  by  Mr.  j  1  Recent  observations,  as  yet  nnpuhiistal 1 
Holland  indicate  the  probability  Unit  some  of  j  by  Mr.  Holland,  show  that  the  magnesite  ts 
those  arc  miuvbve.  !  probably  tk'nvt'.cl  from  tlva decumpesitiQji  ofthe 

f  JUmeiis,  IV,  3(d  (1863b  j  wltraba^io  immsivc  rock?  which  he  has  detected 
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A  collection  of  rock  specimens  from  the  Salem  district,  made  by  Les- 
chenault  de  la  Tour  in  1819,  has  recently  been  made  the  subject  of  air 
important  study  by  M,  Lacroix,’  who  found  among  them  an  interesting 
series  of  acid  and  basic  gneisses,  scapolite  bearing  rocks,  atid  mica 
schists.  The  greater  part  of  his  results  are  of  a  lithological  and  minerai- 
ogical  nature,  too  isolated  in  their  bearing  on  Indian  geology  to  bear 
summarising  here,  and  his  suggestion,  that  the  specimens  belong  to  three 
separate  stages,  corresponding  to  those  known  as  </,  k‘  and  k  of  the 
geological  map  of  France,  yet  waits  the  confirmation  of  detailed  work 
in  the  field.  The  paper  is,  however,  of  importance,  apart'  from  the  valu¬ 
able  results  it  contains,  as  showing  how  much  remains  to  be  done  in  the 
study  of  the  Indian  gneissose  rocks. 

In  South  Arcot,  to  the  east  of  the  Salem  bill-groups,  a  considerable 
area  is  occupied  by  rocks  having  a  very  granitic  aspect,  yet  showing  in 
many  places  an  appearance  of  stratification  and  occurring  in  great  con¬ 
tinuous  ridges,  which  apparently  form  anticlinal  and  synclinal  folds.  The 
rock  is  composed  of  quartz  and  white  and  pink  felspar.  It  frequently 
contains  blocks,  both  angular  and  rounded,  of  hornblende  schist.  Alto¬ 
gether,  the  nature  of  this  rock  and  its  position  in  the  metainorphie  series 
are  still  open  questions. 

North  of  Trichinopbli  a  change  takes  place  in  the  direction  of  the 
strike  of  the  metamorpbic  foliation  analogous  to  that  noticed  in  the 
Wainad.  The  east-north-east  direction  changes  rapidly  into  north-north¬ 
east,  parallel  to  the  Coromandel  coast.  The  regularity  of  the  coast-line 
is  no  doubt  connected  with  this  fact,  and  it  is  interesting  to  note  how  the 
main  structural  features  of  the  fundamental  rocks  thus  determine  the 
actual  configuration  of  the  Peninsula,  All  the  fossiliferous  deposits, 
and  even  the  later  azoic. formations,  are  but  patches  on  the  weather-worn 
surface  of  this  most  ancient  gneissic  mass. 

In  the  Madura  and  Tinnevelli  districts  the  gneissose  rocks  are  of 
tvfo  types/  one  the  ordinary  granitoid  gneiss,  the  other  described  as 
granular  quartz  rock,  and  Mr,  Foote  believed  that  he  had  recognised  no 
less  than  six  alternations  of  these  in  the  northern  portion  of  the  Madura 
district.  Such  supposed  stratigraphical  successions,  however,  io  rocks  that 
have  been  so  highly  metamorphosed  and  disturbed  as  these,  are  open  to 
grave  elements  of  doubt.  Both  micaceous  and  hornblendic  types  ol  gneiss 
are  found,  granite  intrusions  are  not  abundant,  quartz  veins  are  rare, 
and  trappean  intrusions  almost  entirely  absent.  A  few  exposures  of 
coarsely  crystalline  limestone  in  the  gneiss  are  r.  corded. 


A  few  words  may  here  be  said  regarding  the  distribution  of  ibe  trap' 
dykea  which  Lravcrhetlmgmfses  of  southern  India.  They  are  extremely 
rare  in  Tinnevelli  ami  ‘•oullf  Tiavmicnre,  and  very  few  are  seen  in  Madura. 
I’iidiikalliti,  smith  Trielimopoli,  or  in  li"  ban]  penetrated  by  granite 
veins  1101  tlr  of  the  Canveiy.  in  nwih  Trichtnopoi!,  Salem,  and  Smith  Arcot 
the  number  increases,  but  in  Coimbatore  they  art;  not  nnntefoiiH  On  the 
Nilgiris  they  are  few  and  small,  and  only  one  i«  known  in  the  Waiudd,  In 
North  A  root  they  are  very  numerous,  and  often  large  and  of  great  length, 
they  continue  to  be  numerous  in  south  west  Cuddapah  and  Anantdpur, 
becoming  less  so  in  Bc-ilary  and  Karnul,  In  Cbengalpat,  Nellore,  and 
Kistna  they  arc  not  common,  and  none  very  large, 

In  composition  the  trap  is  dioritic,  usually  of  medium  grain,  though 
both  very  coarse  and  very  fine-grained  varieties  are  met  with.  The  in¬ 
trusions  are  of  very  ancient  date,  and  probably  connected  with  the  vot-, 
came  outbursts  of  the  Cuddapah  system,  The  ancient  volcanic  neck  of 
Wajra  Karur,  a  notice  of  which  will  be  found  in  a  subsequent  chapter, 
may  be  connected  with  them:. 

Turning  northwards  to  the  Aravalji  range,  we  have  very  few  observa¬ 
tions  recorded,  regarding  the  gneissose  rocks.  in  some  exposures 
in  the  northern  part  of  the  range  and  on  its  eastern  margin,  beds 
belonging  to  one  of  the  transition  systems  are  said  to  rest  un conformably 
on  granitoid  gneiss,1  but  in  the  central  portion  of  the  range  the  contact 
is  said  to  be  transitional  and  accompanied  by  an  interstratitication 
of  the  transition  beds  with  the  gneiss.  It  is  not  impossible  that  there  is 
gneiss  of  at  least  two  distinct  ages  in  the  range,  but  Ihe  apparent  trans¬ 
ition  is  probably  due  to  the  disturbance  the  beds  have  undergone,  and 
the  apparent  interstratification  to  veins  of  gneissose  granite  intrusive 
along  the  planes  of  bedding.  True  granite  is  known  to  occur  abundantly 
in  the  Arfiallis. 

The  gneiss  of  Mount  Abu  and  its  neighbourhood  is  said  to  be  highly  fels- . 
patbic,  massive,  and  crystalline,  but  occasionally  a  few  schistose  beds  occur. 

At  the  southern  end  of  the  range,  in  the  lower  Narbada  valley,  near 
Jobat,  well  foliated  gneisses,  with  quartz  and  hornblende  schists,  are  promi¬ 
nent,  while  mica  schists  and  granitoid  rocks  are  rare.  Limestone  and 
slates  occur  among  the  metamorphics,  but  whether  the  association  is  real, 
or  only  due  to  the  disturbance  they  have  undergone,  is  not  clear.3 

In  extra-peninsular  India  the  gneissose  and  granitoid  rocks  occupy  a 
smaller  proportion  of  the  total  area  and,  except  in  a  small  portion,  of  the  ' 
Himalayas,  have  been  even  less  studied  than  in  the  Peninsula. 
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Of  the  gneissose  rocks  of  Afghanistan  we  have  very  little  information  ' 
They  are  known  to  occur  in  the  Safed  Koh  and  in  the  Hindu  Kush,  and 
probably  occupy  the  greater  part  of  Kafiristdn,  up  to  the  region  of  the 
Pamirs.  - 

In  the  Himalayas  the  fetv  observations  that  have  been  recorded  are 
often  of  a  misleading  nature,  owing  to  the  difficulty  there  often  is  in 
distinguishing  between  true  gneiss  which  has  become  so  metamorphosed 
as  to  be  passing  into  granite,  and  granite  which  has  assumed  the  foliated 
structure  characteristic  of  gneiss.  The  broad  features  of  the  distribution 
of  the  gneissose  rocks  in  the  north- western  portion  of  the  Himalayas 
are  tolerably  known,  and  it  is  found  that  the  area  occupied  by  them 
not  only  corresponds  to  the  regions  of  special  geological  elevation, 
but  is' approximately  coincident  with  the  principal  ranges  of  high  peaks, 
the  coincidence  being  due  quite  as  much  to  the  comparatively  greater 
resistance  offered  to  denudation  by  the  crystalline  rocks,  as  to  the  fact 
of  these  being  areas  of  greater  special  upheaval. 

In  the  region  north-west  of  Kashmir,  where  the  Himalayas  and  Hindu 
Kush  meet,  there  is  known  to  be  a  large  extent  of  gneissose  rock  s,  associated 
with  some  schistose  slates  and  crystalline  limestones,  but  no  lithological 
details  of  importance  are  available. 

In  Kashmir  territory  the  boundaries  of  the  crystalline  rocks  have  been 
approximately  mapped,  and  the  rocks  themselves  cursorily  described  by 
Mr.  Lydekker,1  but  his  description,  being  based  on  rapid  traverses,  contains 
few  details  of  sufficient  importance  and  certainty  to  be  repeated  here,  and 
fails  moreover  in  always  distinguishing  between  the  gueissose  granite 
and  granitoid  gneiss.  Mr.  Lydekker  believed  that  the  gueissose  rocks 
were  of  two  ages, — for  the  one,  the  older,  he  retained  Dr.  Stoliczka’s  name 
of  “  central”  gneiss,  while  the  newer  gneiss  was  regarded  as  conformable 
with,  and  in  part  formed  by  the  metamorphism  of,  the  sedimentary  unfossil, 
iferous  slates,  believed  to  be  of  silurian  age,  so  largely  developed  in  the 
Himalayas.  It  is  more  than  probable  that  the  Himalayan  gneiss,  like  that 
of  the  Peninsula,  belongs  to  more  than  one  system,  and  is  not  all  of  one  age; 
but  the  second  conclusion,  though  in  consonance  with  a  somewhat  discredit¬ 
ed  theory  of  metamorphism,  is  open  to  doubt.  The  apparent  interstralilica- 
tion  of  gneiss  with  schistose  slates  and  limestone  appears,  in  at  leas!  some 
instances,  to  have  been  due  to  foliated  granite,  intruded  along  the  bedding- 
planes,  and  the  apparent  complete  metamorphism  of  the  slates  into  gneiss 
is  probably  due  either  to  a  complete  obliteration  of  the  sedimentary  rocks 
by  a  gneissose  .granite,  or  to  a  misinterpretation  of  the  scattered  obsc-nu- 
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!j  Is  cerium,  !iuw>  ver,  h>  Xaiis'kar,  Rfipshe,  and  the  gncrs'tos.e  area 
whirl)  extend- ahin:;  ih<  main  axis  of  ihu  Hrm.U'iV.’ts  north  of  Knmfbm,  l  rue 
<  u<  i-v  i.  Ini,;'!;  <)•  i  !<jj  '1  !h  pi.  '  llU’  A  wfll  Kmt<  rl,  ami  i  Utibiu  <? 
.Mtorcwiioi)  "f  parallel  i.-tyrr--,  rl  utliVtrmg  mineral  consti/otion,  which  are 
slmiirly  sns;wi-:’li'.<' «f  an  us'H;ii)  by  souk;  proof  ks  o!  sedimentation.1  But 
th>s  gneiss  is  exUeimdy  grnmtoid,  with  the  bedding  very  obscurely 
exhibited,  and  it  is  at  present  niuxitain  whither  this  is  merely  the 
insult  of  a  more  advanced  mota.morplnVm  of  the  bedded  gneiss  or  indicates 
a  difference  of  age,  '  . 

No  careful  and  ethical  examination  of  these  gneisses  has  been  made  as 
yet.  The  principal  minerals  aie.  quart?,,  orlhoclase,  and  mica,  in  varying 
proportions,  Imt  plagiocla.se  felspars,  schorl,  garnet,  and  kyanite  are  not 
uncommon  accessory  constituents.  In  some  of  the  beds  porphyritie  crys¬ 
tals  of  orlhoclase  are  found,  of  lenticular  shape  with  a  well  developed  crys¬ 
talline  structure,  exhibiting  universally  a  twinning  of  the  Carlsbad  type, 
with  the  plane  ol  twinning  coincident  with  that  of  the  foliation. 

The  gneiss  of  the  DSrjiling  district  is  of  the  foliated  type,  apparently 
a  true  gneiss5  composed  of  translucent  colourless  quartz,  opaque  white 
felspar  and  dark  brown  and  silvery  mica,  varying  -in  texture  from  fine¬ 
grained.  to  moderately  coarse.  The  gneiss  frequently  passes  into  mica 
schist  or  felspatliic  mica  schist,  bands  of  quartzite  are  rare,  while  born* 
btondic  rocks  arc  extremely  uncommon  and  in  beds  of  insignificant' 
thickness.  Almost  the  only  accessory  minerals  arc  kyanite,  schorl,  and 
garnet,  the  two  last  often  forming  large-sized  crystals  in  the  schists. 

The,  well-bedded  gneisses  seen  on  the  ascent  from  the- Sutlej  valley 
to  the  Babeh  pass,  were  originally  classed  by  Dr.  Stoliczka*  with  his 
“  central  ”  gneiss,  which  he  considered  as  forming  the  original  centra! 
axis  of  the  Hinullayan  chain,  on  either  side  of  which  the  subsequent  de~  . 
posits  were  accumulated.  The  name  has,  after  being  current  for  many 
years,  been  abandoned  of  late,  as  it  implies  a  theory  which,  to  say  the 
least,  has  not  been  proved,  and  because  a  granitoid  porphyrilic  rock, 
which  was  included  with  these  bedded  gneisses  and  regarded  as  the 
typical  member  of  the  system,  has  since  been  shown  to  be  a  true  granite 
in  its  mode  of  ocourrencc. 

This  rock  consists  of  porphyritie  crystals  of  orlhoclase  imbedded  in  a 
fine-grained  matrix  composed  of  quartz,  orthoclase,  some  plagioclase 
felspar,  and  mica,  both  blolite  and  muscovite,  as  well  as  crypto-crystallinc 
mica  whoso  exact  mineraiogical  species  is  indeterminable,  with  magnetite, 
garnet  and  schorl  as  accessory  minerals.*  The  larger  masses  of  this  rock 
1  It  is  r.mv  well  established  that  the  apparent-  bods  themselves  occasionally  show  palpable 
stratifiGction  of  the  crystaUimi  gneisses  ;?  indicetione  of  their  deiritrii  oeigm. 
often  th  captive.  In  (ho  cases  referred  to  in'  5  F.  R.  Mallet,  Uemcbs,  Xl,  43,  (1874) 
d,c  lest  this  cannot  always  be  the  case,  for  noi  »  Memoirs,  V,  15,  {1865). 

only  are  acres  of  surface  of  a  single  bed  occa-  *  C.  A.  McMahon,  Records,  X,  23  1  XV,  34 
siom.ily  exposed  on  the  steep  hili-sMcs,  but  the  XVI,  120, •  XVII,  53-  n>8;  (1877-84). 
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exhibit  slight  traces  of  foliation,  generally  recognisable  in  the  field,- 
but  barely,  if  at  all,  in  hand  specimens.  Besides  the  larger,  slightly 
foliated,  intrusions  it  is  found  in  sheets,  generally  intruded  along  the  planes 
of  bedding,  and  traceable  at  times  for  distances  of  20  miles  with  a  fairly 
constant  thickness  of  as  many  feet.  Under  these  circumstances,  it  has  a 
remarkable  resemblance  to  a  truly  interbedded  rock,  a  resemblance  en¬ 
hanced  by  the  well-developed  foliation,  parallel  to  the  bounding  sur¬ 
faces,  which  these  thin  sheets  invariably  exhibit.  But  there  is  one  con¬ 
stant  character  which  marks  both  the  thin  sheets  and  the  larger,  less  foli¬ 
ated,  masses  as  intrusive,  and  that  is  the  presence  of  numerous  porphyritie 
crystals  of  orthoclase,  one  and  all  twinned  on  the  Carlsbad  type,  varying  in 
size  from  half  an  inch  to  as  much  as  six  inches  across,  and  lying  with  their 
axes  pointing  in  every  direction. 

The  small  amount  of  disturbance  with  which  the  intrusion  was 
accompanied,  is  in  many  cases  remarkable.  It  is  especially  conspicuous  in 
the  case  of  the  Chor  mountain,  which  rises  to  a  height  of  nearly  12,000 
feet,  25  miles  south-east  of  Simla.  All  round  this  mountain  the  stratified 
rocks  are  comparatively  little  disturbed,  dipping  inwards  on  all  sides, 
and  in  the  centre  of  this  quaquaversal  dip  the  granite.,  has  risen,  as  if 
it  had  simply  dissolved  and  absorbed  the  rocks  whose  place  it  occupies. 
There  is  some  direct  evidence  that  such  really  was  the  case,  for  in  the 
south-eastern  portion  of  the  intrusion,  where  it  has  replaced  volcanic 
beds  of  the  carbonaceous  system,  the  fine-grained  matrix  is  coloured  dark 
green  from  the  amount  of  hornblende  it  contains,  a  mineral  which  is 
usually  conspicuous  by  its  absence.  Even  the  thin  sheets  appear  to  have 
been  intruded  to  some  degree  in  the  same  manner,  for  the  further  they 
are  traced  from  their  parent  mass  the  more  micaceous,  that  is  to  say  the 
more  impure,  do  they  become,  till  the  mica  in  some  cases  becomes  so 
abundant  that  the  rock  splits  easily  into  large  flags.  This  contami¬ 
nation  of  the  rock  only  extends  to  the  matrix,  and  the  porphyritie  ortho¬ 
clase  crystals  are  unaffected,  showing  that  they  had  already  solidified,  and 
crystallised  out  from  the  still  fluid  or  pasty  magma,  when  the  rock  was 
intruded  into  its  present  position, 

A  similar  porphyritie  granite  is  found  in  Hazdra,  where  it  has  been 
graphically  described  by  Mr.  Wynne,1  it  occurs  in  the  core  of  a  highly 
compressed  anticlinal  fold  in  the  Pic  Panjdl  and  Dhdola  Dbar  ranges, 
and  extends  eastwards  along  the  ranges  bordering  the  Sutlej  valley. 
It  is  also  found  in  the  gneissic  area  to  the  north  of  this  line,  associated 
with  the  true  gneisses  of  Zanskar  and  Rupslui,  and,  to  the  south  of  the 
main  axis  of  intrusion,  is  found  in  the  Chor  mountain  already  referred  to, 
and  in  the  Dudatoli  mountain  in  Garhwdl.  Intrusions  also  occur  in  Kumaun 
which  have,  not  yet  been  mapped  in  detail. 


Another  very  characteristic  intrusive  rock  of  the  Himalayas  is  a  white 
granite,  occurring  in  veins  of 'various  silts  ami  degrees  of  coarseness  cl’ 
texture.  The  granite  consists  of  quark,  white  felspar,  which  in  at  least 
one  instance  is  oligociase,2  and  muscovite.  Schorl  is  a  very  common  acces¬ 
sory  constituent,  and  beryl,  fluorspar,  and  garnet  ore  found.  The  rock  is  a 
very  common  and  conspicuous  one  along  the  principal  axis  of  the  Himalayas, 
occurring  in  intrusive  masses  and  innumerable  veins,  ramifying  through 
the  gneiss  and  schists,  and  even  penetrating  the  slates.  Its  intrusion 
appears  to  have  been,  generally,  of  later  date  than  die  porphvrilSc  granite. 

Syenite  is  largely  developed  in  the  range  north  of  the  Indus  and  west 
of  Leb,  where  it  is  unconformabiy  overlaid  by  the  eocene  beds  of  the 
Indus  valley.  Another  outcrop  of  syenite  is  known,  east  of  Chakrdt.i,  in 
Jaunsar,  but  this  is  intrusive  in  the  slates,  aud  is  very  probably  of  later 
origin  than  the  Laddkh  rock.  ,  * 

From  a  geographical  point  of  view,  Assam  and  the  Shillong  plateau 
could  not  be  affiliated  to  the  Peninsula,  but,  geologically,  this  would 
appear  to  be  their  proper  connection,  since  the  prevailing  rocks  closely 
resemble  the  gneissic  aud  transition  formations  of  Bengal,  and  differ 
widely  Irora  the  rocks  of  the  adjoining  mountains  to  the  north  and  east. 
The  structural  characters  bear  the  same  relation;  on  the  edges  of  the1 
Shillong  plateau  secondary  and  tertiary  strata  lie  quite  horizontally, 
while  much  younger  deposits  have  undergone  intense  disturbance  in  the 
contiguous  Himalayan  and  Burmese  regions.  The  plateau  thus  forms  a 
wedge-like  mass  of  neutral  ground,  occupying  an  acute  angle  between 
two  regions  of  contortion. 

The  ground  1:o  which  these  remarks  apply  is  not  known  to  extend 
north-eastwards,  beyond  the  Dhtmeswari  (Dhansiri)  river,  though  if.  is  likely 
that  the  gneissic  rocks  stretch  for  some  distance  under  the  alluvium  of 
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upper  Assam.  The  principal  area  is  the  continuous  hill-mass,'  250  miles 
long,  between  the  Dhaneswari  and  Brahmaputra.  The  whole  of  the  lower 
Assam  valley  may  be  included  in  the  same  geological  region,  for  the  numer¬ 
ous  hills  protruding  through  the  alluvium,  north  of  the  Brahmaputra,  consist 
of  the  same  gneiss,-  and  not  of  the  Himalayan'  type  of  metamorphic  rocks. 

The  most  interesting  of  these  outcrops  in  the  low  ground  of  the  Brah¬ 
maputra  valley  is  one  observed  by  Mr.  Mallet' within  200  yards  of  the 
tertiary  sandstone  at  the  base  of  the  Himalayas,  on  the  left  bank  of  the 
Raidak  river,  in  the  western  Bhutdn  Dwdrs.  it  is  really  within  the  sub- 
Himalayan  zone,  being  up  a  river-valley,  inside  the  mean  outer  boundary 
of  the  sandstones.  The  rock  is  thick-bedded  hornblende-schist,  a  com¬ 
mon  type  of  rock  in  the  Bengal  gneiss,  but  one  that  is  rare  in  the  Diall¬ 
ing  gneiss  of  the  adjoining  mountains.  This  is  the  only  instance  of  close 
proximity  of  the  azoic  rocks  of  the  Peninsula  to  the  Himalayas. 

The  only'  observations  hitherto  made  on  this  Assam  gneiss  prove  little 
more  than  that  it  has  a  likeness  to  the  Bengal  roqk,  and  that  the  general 
strike  is  the  same.  Some  granitic  intrusions  occur  in  the  transition  rocks 
of  the  Shillong  area,  in  connection  with  which  they  will  be  noticed. 

Gneissose  rocks  are  largely  developed  in  the  hill  ranges  which,  run 
southwards  from  the  eastern  termination  of  the  Himalayas,  to  the  east  of 
Burma  and  Tenasserim,  but  very  little  is  known  of  their  constitution. 
More  or  less  granitoid  gneiss,  hornblendic  gneiss,  crystalline  limestone, 
quartzite  and  schists  of  various  kinds  are  found.  In  many  places  the 
gneiss  becomes,  a  true  granite,  and  much  of  the  area  is  occupied  by  a  rock 
which  has  been  described  by  various  observers  as  an  eruptive  granite. 
Some  of  the  granitoid  portions  of  the  rock  weather  into  remarkable 
rounded  masses  resembling  perched  blocks,  isolated  from  each  other 
oy  the  disintegration  of  the  intervening  rock."  The  hornblendic  gneiss 
appears  to  be  less  common  than  in  the  Peninsula  of  India,  while  crystal¬ 
line  limestone  is  not  uncommon. 

These  gneissic  formations  are  known  to  be  metalliferous  in  several 
places.  Tin  occurs  in  abundance  in  Tenasserim  and  the  Malay  Peninsula, 
lead  and  silver  mines — one  of  them  at  least,  the  famous  Bau-duen-gyee, 
of  very  large  dimensions  and  highly  productive — exist  in  the  Shan  States 
north-east  of  Ava,  while  the  Valuable  and  productive  ruby  mines  of 
Mogouk  and  the  less  important  ones  nearer  the  capital,  are  situated  in  the 
same  series  of:  metamorphic  rocks. 


gathered.  As  way  dnlml  in  Hie  opening  paragraph  ol  this  chapter,  the 
attention  of  the  Geological  Survey  lias,  with  few  exceptions,  been  only 
ineiik-nlally 'K’volej  lo  the.  gncisHose  r<>efc«,  the  exceptions  being  almost 
exclusively  surveys  made  at  ;u‘  marly  date,  when  the  true  nature  and 
ori'dn  of  these  rocks  was  far  less  understood  than  at  present.  The 
analogy  of  oilier  countries  makes  if.  impossible  to  doubt  (hat  results  of 
great  importance  and  value  will  be  obtained  when  the  great  gneissosc  area 
of  India  comes  to  be  examiner!  in  detail. 

In  the  meanwhile  there  seems  to  be  only  one  thing  certain,  that  what 
has  been  described  as  the  older  or  Bmidelkhand  gneiss  had  already  s olid i- 
licd,  acquired  most  if  not  all  of  the  characteristics  it  nmv  has,  and  been 
exposed  to  extensive  denudation,  at  a  period  anterior  to  that  of  the  oldest 
of  (ho  distinctly  sedimentary  rocks  of  the  Peninsula.  How  far  the  banded 
gneisses  arc  newer  than  this,  or  how  far  they  are  the  result  of  subsequent 
changes  of  the  older  gneiss,  it  is  at  present  impossible  to  say.  The  re¬ 
searches  that  have  been  made  in  other  countries  renders  it  almost  certain 
that,  in  many  cases,  what  has  been  described  as  stratification  in  the  gneiss 
was  not  produced  by  any  process  analogous  to  sedimentation,  but  it  is  a  . 
result  of  the  deformation  and  other  changes  set  up  in  the  rock  by  pressure, 
heat,  and  the  intrusion  of  foreign  igneous  rocks.  The  recognition  of  this 
will  necessitate  a  profound  modification,  of  many  of  the  passages  in  this 
chapter,  a  modification  whose  extent  and  limit  it  is  not  yet  possible  to 
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Resting  upon  the  crystalline  gneisses,  and  intervening  between  them  atad 
the  oldest  fossiliierous  beds  of  the  Peninsula,  there  are  a  number  of  rack 
systems  whose  age  it  is  impossible  to  determine  with  certainty,  whether 
relative  to  the  European  sequence  or,  in  many  cases,  relative  to  each  other. 
This  difficulty  is  due  to  the  complete  absence  of  any  recognisable  fossil, 
■an  absence  wbieh  in  many  rases  is  easily  explicable  by  the  ..disturbance 
and  partial  mclamorphism  the  beds  have  undergone,  hut  equally  often  they 


ween  the  older  crystalline  gneisses  and  the  newer 
which  have  undergone  a  less  degree  of  disturbance 


The  most  recently  recognised  of  the  transition  rock  Systems,  though 
probably  the  oldest  in  point  of  age,  is  that  which  has  been  described  by 
Mr.  Foote  under  the  name  of  DhdrwAr  system.1  As  at  present  seen,  it 
occupies  a  series  of  long  bands  and  elongated  outliers  of  highly  disturbed 
beds,  folded  and  faulted  into  the  gneiss,  which  have  a  general  north-north* 
west  and  south-south-east  strike,  and  extend  from  the  southern  limit  of 
the  Deccan  trap  to  the  Cauvery  valley,  south  of  which  only  a  few  small 
outliers  are  known,  'these  outcrops  exhibit  two  types  of  structure.  They 
are  cither  a  sharply  folded  synclinal  or  series  of  synclinals,  or  else,  .show¬ 
ing  on  one  side,  usually  the  west,  a.  natural  boundary  of  original  contact,- 
they  are  cut  off  on  the  other  by  a  fault  of  great  throw,  by  which  the  softer 
beds  of  the  upper  Bhdrwars  have  been  dropped  down,  and  so  preserved 
from  entire:  removal. 

The  most  westerly  of  these  bands  commences  in  the  north  as.a series  of 
inkers  in  the  Kalddgi  basin  north-east  of  Beigautn.  From  the  southern 
edge  of  this  basin  it  rims  down,  with  a  width  of  jo  to  16  miles,  past  Dhdr,- 
\v4r  to  the  Tuugabhadra  river.  Here  it  spreads  out  and  covers  a  large  area 
ir,  north-western  Mysore,  sending  one  offshoot  down  to  within  40  miles  of. 
the  city  of  Mysore,  while  another  may  possibly  run  southwards  from  Shimoga 
down  into  the  low  country  of  south  Kanara,  The  next  of  these  bands 
si  arts  at  the  southern  boundary' of  the  Kaladgi  rocks  and  runs  by  Dambai 
and  Chitaldnig  to  Chiknayakaniiaili,  South  of  this  the  band  bifurcates, — one 
branch  extends  to  Seringapatam,  the  other,  running  somewhat  east  of  south, 
crosses  the  Baugalore-Mysorc  railway.  A  third  band  runs  along  the  north- 
easi  boundary  of  the  KalSdgi  rocks,  east  of  Bellary,  and  on  to  the  Penner 
river.  Between  ibis  and  the  last-mentioned  band  there  is  a  tract  of 
Dhdrwar  rocks  forming  the  Sandur  hills  and.  copper  mountains  west  of 
Bellarv.  A  fourth  band  runs  southwards  through  the  Shprdpur  district 
past  Maski  to  near  the  Tuugabhadra, 

Besides  these  larger  bands  there  are  a  number  of  outliers,  the  most 
important  of  which  are  those  which  form  the  gold-fields  of  Kolar,  and  the 
three  bands,  further  cast,  which  run  out  from  under  the  Cuddapahs.  _  • 

The  rocks  of  the  Dhdrwdr  system  are,  hornblendic  and  cblorilic 
schists,  phylliles  and  conglomerates,  associated  with- contemporaneous  trap, 
banded  jasper,  and  liEematitic  quartzites.  The  degree  of  metamorphism, 


i_ (>],tn< !  is  fou ml,  (ho  bottom  beds  of  the  Dbiinviirs  fin;  found  to  rest  on  an 
uneven  eroded  surfacw:  of  Uje  gruuiiofcf  gneiss.  Yet  gneksold  beds  are 
or,  1  I/m  ill,  lomidiii  file  ididiedt  and  a  h<  /  bmi,  erst  of  \1(  ink  tl  in  JieJUtj, 
i'i  recorded,  where  several  ai’.m-tiritioJM  of  micaceous  gneiss  with  q  u.i  rtzi  tiro' 
ami  lim  r, blende  srhk.te  arc  soon.  '1  he  Keltic >u  is,  however,  exceptional,  the 
tMir-iss  is  described  as  differing  more  from  the  typical  granitoid  than  from 
iiie  I Midi  \vi*r  schists  with  which  it  is  stratigraphica’ly  connected,  and  it.  is 
possible  that !  be  iiili’rbcrtdi-d  gneiss  may  be  metamorphosed  arkose.  .There 
is  ui  course  the  nllcrnaitvc  interpretation  that  the  Dfadrwvfns  arc  here 
locally'  in  coniaet.  with  a  gneiss  newer  than  that  to  which  they  arc  so  dis¬ 
tinctly  ith  conformable, 

fn  a  northerly  direction  the  Dhlinvdr  beds  of  the  central  and  western 
bands  run  under  the  great  spread  of  Deccan  trap,  but  not  before  their' 
upturned  and  denuded  edges  have  been  seen  to  be  mn-onfotmably  covered 
by  the  Cuddapnh  beds  of  the  Kaladgi  area,  and  to  the  south-east  a  similar 
relation  subsists  between  the  Dhdrwars  and  the  lypirnl  Cuddapahs  of  the 
Cuddnpah  area.  The  Dhdnvclv  system  is  thus  completely  isolated,  both 
geologically  and  geographically/.  The  1111  conformable  breaks  above  and 
below  are  so  great  that  they  indicate  nothing  more  than  the  necessity  for 
an  sitter  separation  of  tlic  system  from  any  other  occurring  in  its  neigh¬ 
bourhood,  while  the.  distance  which  separates  it  from  the  north  of  the 
peninsular  area  is  too  great  to  allow  of  its  identification  on  mere  litho¬ 
logical  grounds  with  any  of  the  transition  systems  there  seen.  Yet  these 
arc  the  only  ones  on  which  we  can  venture  even  a  guess  at  its  correlation 
and,  so  far  as  they  go,  the  resemblance  is  greatest  in  the  case  of  the; 
Gwalior  system  ;  contemporaneous  dioritic  traps  occur  in  both,  while  the 
memalitic  quartzites  of  the  Dbinvdrs  resemble  the  haematite  beds  of  the 
Gwsliors  and  not  those  of  the  Bijd.wars  in  their  structure.  Oil  the  other 
hand,  the  small  amount  of  metaniorphism  or  disturbance  which  the  Gwaliors 
have  undergone  sharply  distinguishes  them,  and  it  is  probable  that  both 
(hey  and  the  BijAwars  are  newer  than  the  Dbdnvdrs  of  Southern  India.  '  - 

There  can  be  little  doubt  that,  when  the  gneissic  area  of  the  Madras 
presidency  is  more  fully  surveyed,  other  outcrops  of  DhArwtir  rocks  will  be 
discovered.  At  present  one,  at  least,  can  be  indicated  in  the  Nellore  Car¬ 
natic,  where  a  distinct  band  of  more  eminently  schistose  rock3  is  said  to 
occupy  the  western  edge  of  the  field,  the  schists  being  talcose,'  mica¬ 
ceous  and  chloride,  with  frequent  intercalations  of  hornblendic  bands. 
Interhcdded  quartzites  are  common,  and  a  laminated  hjenvaiitic  quartz 
schist  occurs  South  of  the  Swarnamukhi.  Associated  with  these  more  foli¬ 
ated  rocks  there  is  a  development  of  trap,  both  as  dykes  and  as  a  largo 
irregular  mass  ol  bionic  and  greenstone,  which  was  regarded  as  intrusive 
or,  the  whole,  but  in  certain  cases2  distinctly  stated  to  be  interhedded.  This 


association  of  rocks  is  strongly  suggestive  of  the  presence  of  an  outcrop 
of  the  DhdrwAr  system,  which  had  not  been  separated  from  the  crys¬ 
tallines  at  the  time  the  survey  was  made. 

A  good  deal  of  doubt  attaches  to  the  mapping  of  this  area  owing  to 
the  occurrence  of  what  appear  to  be  outliers  of  true  Cuddapah  quartzites, 
and  the  difficulty  of  distinguishing  between  the  less  altered  and  disturbed 
Dhirwdr  quartzites  and  those  of  the  Cuddapah  system,  where  they  have 
undergone  much  disturbance  and  alteration.  Between  the  Penner  and  the 
Swarnamukhi,  the  narrow  strips  of  quartzite  appear  all  to  be  associated  with 
contemporaneous  traps  and  schists,  and  are  probably  Dbdrwirs.  North  of 
the  Penner  there  seems  good  reason  for  supposing  that  they  are  Cuddapahs, 


Turning  now  to  the  northern  part  of  the  Peninsula,  we  find  a  great 
system  of  transition  rocks,  which  has  been  distinguished  under  the  name  of 
Bijdwar,  from  the  town  of  that  name  in  Bundelkhand.  By  far  the  greater 
part  of  the  area,  over  which  these  rocks  originally  extended,  is  now  covered 
up  by  the  newer  Vindhyans  and  Deccan  trap  and  they  are  only  exposed  in 
a  series  of  outcrops,  of  varying  size,  which  extend  from  Bundelkhand  to 
south  of  the  Narbadd,  a  distance  of  about  100  miles  from  north-north-west 
to  south-south-east,  and  from  Jobat  to  the  upper  Son  valley,  some  500  miles 
from  west-south- west  to  east-north-east. 

The  commonest  bottom-rock  of  the  Bijdwar  system  in  Bundelkhand, 
is  a  quartzite1  that  might  locally  be  called  a  sandstone.  It  is  generally  fine¬ 
grained,  but  sometimes,  at  the  base,  coarse  and  conglomeratic  from  con¬ 
taining  pebbles  of  white  quartz.  It  rests  quite  horizontal!}'-,  or  with  a 
slight  dip,  upon  a  denuded  surface  of  the  gneiss,  even  in  that  most  western 
part  of  the  area,  where  the  uppermost  portion  of  the  Bundelkhand 
gneissic  series  is  supposed  to  be  found.® 

With  this  quartzite  a  hornstone-breccia  and  a  limestone  are  intimately 
associated.  They  sometimes  replace  the  quartzite  as  the  bottom  rock,  or 
else  are  interstratified  with  or  overlie  it.  The  hornstonc  is  compact 
quartz,  more  or  less  transparent  or  opaque,  of  yellow,  brown,  and  red 
tints,  the  angular  fragments  included  in  it  being  generally  of  white 
quartz,  and  always  paler  than  the  matrix.  In  some  cases,  it  not  in  all, 
they  are  clearly  not  the  result  of  fracture  caused  by  contortion,  for  the 
breccia  mostly  lies  quite  flat  upon  a  firm  support.  Occasionally  the 
former  continuity  of  the  detached  pieces  is  evident,  the  mass  looking  as 
if  thin  bands  of  quartz  had  been  shattered  by  concussion  or  shrinkage, 
then  re-cemented  in  place,  and  the  interstices  filled  bv  a  more  jaspideou ' 
form  of  quartz.  The  limestone,  too,  is  highly  silicious,  (he  quartz  appeal¬ 
ing  both  as  thin  layers  and  as  shapeless,  ii  regular  segregations  el  cheri. 
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TIh‘c;« :  bottom  rucks  ;f  the  BijAwar  system  in  Bijdwar  are  very  frre- 
in  1  lmir  <1M ni.mtimi.  In  some.  M.-rtiom.  there  is  no  quartzite,  in  other*  ' 
nn  Jkh  i!!,l«.iK.-l>rcrvia  w  The  tom!  thickness  nowhere  exceeds 

aoofcut.  Thin  iiH'-vciriKf-i  - 1  the  basement. bed  tends  to  suggest  the  uu-' 
conformity  of  llic-  suee;.  oiling  deposits,  but  no  confirmation  ha*  been  found 
of  Inis  suggestum,  on  (lie  contrary,  sub-schistose  s-hales,  like  those  of  t!><; 
upper  part  of  the  system,  nee  sparingly  intercalated  with  the  'limestone  and  ' 

'  Mon-  or  less  earthy  ferruginous  sandstone,  locally  somewhat  .congkr- .. 
meratic,  is  the  prevailing  upper  rock,  and  is  associated  with  incipientiy 
schistose  rusty  shales.  The  iron  in  these  rocks  is  locally  concentrated  iuro 
a  rich  hmnialite  which  has  been  extensively  worked.  Several  thick,  but 
discontinuous,  beds  of  dioritie  trap  occur  in  the  bottom  part  of  the 
groRj?, 

The  whole  Dijdwar  system  in  the  typical  Bijdwar  area  is  probably 
not  more  than  800  feet  thick.  The  strata  generally  either  have  a  very  low 
south-easterly  dip,  or  are  quite  horizontal,  but  isi  a  few  places  to  the  south, 
before  they  become  covered  up,  they  arc  seen  to  have  undergone  a  consid¬ 
erable  amount  of  crushing,  which  has  noL  in  the  least  affected  the  Sower 
Vindhym)  rocks  immediately  overlying.  The  general  immunity  from  dis*  - 
jm'bance  in  this  small  area  may  be  due  to  the  original  shallowness  of  the 
deposits  here,  where  they  thinned  out  over  the  mass  of  gneiss,  which 
afforded  an  unyielding  support  against  compression.  It  is  probable  that  the 
transition  basin  deepens  rapidly  to  the  southward,  beneath  the  Yindhvan 
rocks,  and  that  the  complete  unconformity  between  the  Bijdwars  and 
the.  lower  Yiudhyans,  as  observed  in  the  Son  valley,  rapidly  replaces  the 
general  parallelism  of  stratification  that  obtains  in  the  BSjdwar  area.  East 
of  tire  Ken  the  Bij.-twar  rocks  soon  disappear,  being  totally  cut  out  by 
the  Vindhyans  overlapping  on  to  the  old  gneiss.  From  a  little  west  of 
AllahAbAd  all  the  lower  azoic  rocks  are  concealed  by  the  Gangetic  allu¬ 
vium,  which  stretches  up  to  the  base  of  the  Vindhyan  scarp. 

At  the  Ken  the  character  of  the  bottom  Biidwar  rocks  changes  rapidly, 
the  strong  quartzite  thins  out  suddenly,  and  a  prominent  rock,  on  the  ■ 
continuation  of  its  strike,  is  a  peculiar,  sharply  cellular  quartzite,  much 
quarried  for  quern  stones,  but  the  beds  associated  with  this  quartzite 
are  sandstones  and  shales  like  those  of  the  upper  part  of  the  series.  In 
tlie  river,  and  certainly  below  the  horizon  of  the  bottom  quartzite  of  the 
Bijawars,  west  of  the  Ken,  there  are  two  or  more  steady  outcrops  of  pebbly 
sandstones,  having  the  same  low  south-easterly  dip  as  the  adjoining  Bija- 
war  strata,  but  occurring  in  the  midst  of  thick  pseudo-crystalline  gneissie 
rocks.  It  is  important  to  notice  these  observations  with  a  view  to  their  veri- 
hcatioj)  or  correction,  for  these  sandstones  seem  to  have  escaped  the  notice 
of  the  later  observers,  and  they  arc  important  as  fixing  the  affinities  of  the- 
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associated  gnchfiuc  strata  with  -the  transition  series  rather  than  with  the 
normal  gneiss, of  Rundelkhaitd.  Very  sirnibr  rodcs  ajre  fou  iid  fat  to  the  east 
in  an  analogous  position  at. the  base  of  ill--  transition  series  in  Itehar,  and 
<iga.in.  extensively  in  the  Ardvaui  region,  aiul  the  question  arises  as  to 
whether  we  must  not  recognise  in  the  great  gneissic  series  some  rocks  that 
are  not  metamorpliie  in  tbe  full,  sense  of  the  word,  hot  are  merely  rccon- 
solidated  granitic  or  gneissic  detritus. 

Proceeding  from  Bijawar  in  a  south-west  .direction-  obliquely  across 
the  plateau,  where,  the  Vindhyans  are  for  the  most  part  covered  by  the 
Deccan  trap,  we  should  strike  the  Narbadd  about  I  Tandiii,  at  the  west  end 
.of  the  wide  alluvial  plain,  200  miles  Long,  which,  in  I ndiafis: specially  desig¬ 
nated  as  the  Narhadd  valley.  West  of  HaudiA  there  is  a  considerable, 
area  occupied  by  transition  and  gneissic  rocks.  'I  hey  abut  on  tlie  w  est 
against  the  Vinrlhyan  rocks  ol  the  Dhdr  forest  area,,  but  appear  again  in 
the  north,  of  this  area,  and  west  of  it  about  Bdxwai,  rlf.iess.  transition 
strata  have  been  fully  recognised  by  Mr.  Mallet,1  us  hoUom  liijrtwars,  con¬ 
sisting  of  quartzite  hornstone-hreccia  and  chert-banded  limestone,  identical 
with  those:  of  Bundelkhand.  No  associated  trap  rock  was  observed. 

These  rocks  are  more  disturbed  here  than  in  Bijawar,  but  Mr.  Mallet 
describes  their  relation  to  the  gneiss  as  the  same,  the  quartzite  being 
often  found  quite  flat  and  surrounded  by  vertical  strata  of  the  metatnor- 
phics.  Il  is  only  possible  to  question  this  view  by  supposing  that  what 
we  lake  to  be  stralihccillon  in  the  nietamorphirs  is  a  result  of  molecular 
■  forces  acting  on  lines  of  cleavage.  This  possibility  has  been  forcibly 
argued  with  reference  to  this  very  area,  and  is  connected  wirh  the  sugges¬ 
tion  that  the  two  series  may  be  very  closely  allied,  the  gneiss  being  more 
or  less  a  metamorphic  condition  of  the  Bvjriwars. 

Upon  the  settlement  of  this  question  as  to  the  relations  between  the 
mckunorphic  and  transition  scries,  it  will  depend  whether  the  gneiss  of 
Ihe  Dh.ir  forest  should  be  affiliated  lo  that  of  3um.lrlkli.iiid,  or  Lo  the  sup  ¬ 
posed  younger  gneiss  of  Bengal.  The  composition  of  the  Uhrfr  forest 
gneiss  is  in  favour  of  the  former,  us  well  as  the  relation 'Stated  to  subsist 
between  it  and  the  Bijiwars. 

Here,  ns  so  often  elsewhere,  a  doubt  occurs  as  to  the  iu-imsive  eharuC'- 
ter  of  the  more  granitoid  varieties  ol  the  gneiss.  Some  liomhlenciic  and 
earthy  schists;  of  this  area,  as  aboui  Mortaka  where  the.  Indore,  railway 
crosses  the  Narbadi,  have  been  included  with  the  gneiss,  but  it  may  be 
questioned  ir  they  do  not  belong  to  a  transition  group  older  than  the 
Hijiwacs. 

In  the  lower  Narbadd  valley  the  flip  war  formationhasbeen  recognised3 

1  3Icvioiist  VI,  i.et),  pS.Oo).  a  Afen.o*'is,  Vh  200,  (iSGu);  XXI,  14,  (ifc£3.j). 
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s.prrinrnlly  identical  with  Lhe  beds  in  (be  DhAr  forest,  near  Bdgh  and 
Jolmt,  (be  two  localities  being  separated  by  80  miles  of  Deccan  trap, 

AH  flie  most  characteristic  rocks  of  the  formation  arc  well  represented 

at  Ibigb,* _ quartzite,  liornstoiwi,  hrtocia.  and  cherty  limestone,— and  lnstft' 

again  interbedded  trap  occurs,  though  not  found  iu  the  Dhir  forest  area, 
Clay-slate,  too,  is  more  prominent,  and  sometimes  becomes  conglomeratic 
i  lirough  the  presence  of  pebbles,  which  are  more  or  less  drawn  out  in  t!*o 
direction.  of  the  cleavage  planes,  The  town  of  Bagh  stands  near  tlie 
south  boundary  ot  the  small  triangular  area  of  Bijdwais,  where  it  is  covered 
by  cretaceous  rocks,  the  other  two  boundaries,  with  the  gneisMC  rocks, 
bring  faulted.  The  area  only  extends  7  miles  to  the  north-north-west, 
and  5  miles  to  the  ea-t  of  Bagh.  Tlie  rocks  are  highly  disUubed  and 
cleaved,-  hut  the  meta  morphism  is  local  and  moderate, 

Johat  is  about  15  miles  we^t-north  west  of  Ddgh,  and  stands  at  tlie 
southern  point  of  another  small  patch  of  transition  strata.  The  conditions 
are  peculiar  and  puzzling.  The  only  recognisable  liijrtwar  rock  is  a  very 
typical  one,  a  locally  brecciated,  ferruginous  jasper,  with  *  pins  of  horn* 
MOlre.  It  lies  almost  horizontally,,  forming  a  low  scarped  plateau.  Along 
Hie  north  ea&l  border,  south  of  An l hi,  blark  and  grey  schistose  slates  ap- 
pour  between  the  jasper  and  the  iiietamorphics,  the  foliation  and.  apparent 
bedding  in  the  schistose  slates  and  gneiss  being  parallel,  with  a  high  dip 
to  lhi>- .'south-west,  Both  rocks  arc  highly  charged.,  with  vein-quartz,  sug> 
geatmg  local  crushing  or  faulting* 

1  lu'se  distiu  bed  rocks  word  originally  regarded  as  Bijfavars  and  classed 
■vyith  the  horizontal  jasper  beds..  Mr,  Bose  lias,  however,  described  patches, 
of  slates,  quartzites,  and  limestones,  which  are  said  to  pass  Insensibly  into 
the  ilretaiuOrphics,  but  are  quite  distinct  from,  the  hori-Zontaljasper  rock.2 
In  this  case  the  lattei  alone  can  be  regarded  as  Bijdvar,  and  this  appears 
to  be  the  more  probable  interpretation. 

Proceeding  eastwards  up  the  Narbadd  valley  from  Hand  id,  no  rocks  arc 
exposed  under  the  Vindhyan  scarp,  on  the  1101  thorn  side  for  a  distance  of 
i  jo  miles  to  where  the  Bijdwars  form  low  hills  In  the  Navsinghpurdistrict. 
'l  he  cherty  limestone  and  breccia  are  the  only  beds  seen  hero,  but  tins 
n.m  v  he.  because  the  lower  rocks  are  covered  by-  alluvium,  The  gneiss 
ilocs-  frcri  appear  again -on  this  side  of  the  valley. 

Along  the  south  side  of  the  river,  ou  the  edge;  of  the’  Gondwiliva  forma¬ 

tions  of  l he  bd‘pura  bills,  there  are  more  frequent  onlciops  of  the  trans¬ 
ition  rocks.  The  most  westerly  are  near  the  Moran  river,  about  30  miles 
cast  of  Hardd,  where  some  narrow  ribs  of  the  clierty  limestone  protrude 

through  the  Deccan  trap,  which  covers  all  the  rocks  to  the  west  of  this 

point.  On  thissouth  side  of  fbe  Talley, -the.  cherty  Ifrnestone,  generally 
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Mivzrfp.ir  district,  ami  it  is  hi-rc-  we  f-neoimf<;r  the  question  whether  out;  or 
i„,,  torma Hods  occur  within  Hits  basin  of  transition  rocks, 

7’!ic  iifiiUicrn  half  (about  to  miles  wide)  of  flic  transition  band,  at  a 
iittic  -west  of  die  Her  river,  is  formed  of  regular  Bijdwar  rocks,  such  as 
we  liaw-  hitherto  seen  them-— quail  riles,  hornstows,  banded  jasper  and 
hn.-malile,  limestones  and  slates  or  schists,  with  an  abundance  of  intercalated 
trap.  The  whole  band  strikes  against,  and  under,,  the  lower  Vindhyah 
strain,  where  the  Son  takes  a  southerly  bend  opposite  Agori.  The  south¬ 
ern  half  of  the  transition  band,  15  miles  wide,  as  exposed  in  the  Rer, 
is  entirely  composed  of  line  slates,  with  intrusive  trap  only,  the  dykes 
being  mostly  transverse  to  the  bedding.  Both  groups  are  so  intensely 
crushed  together  that  no  decisive  section  of  the  junction  has  been  found 
in  ihe  low  jungle-covered  hills.  Mr.  Mallet,  mentions  an  instance  at  Ubra, 
at  the  north  end  of  the  section  in  the  Rer,  where  a  quartzite  of  the 
northern  set  seems  to  cap  a  ridge  of  the  slates,  but  the  case  is  not  dear 
and  the  question  of  the  relation  is  quite  open,  except  that  it  certainly  is 
not  one  of  horizontal  transition,  as  the  two  contrasting  deposits  are  in  full 
force  and  character  in  close  juxtaposition  to  each  other. 

The  western  extension  of  the  section  into  the  Revvd  country  'has 
been  but  imperfectly  examined.  The  slates  have  already  disappeared  at 
the  Gopat,  and  the  northern  band  of  true  Bijiwars  is  in  contact  with  the 
gneiss.  In  this  region,  where  the  Son  takes  a  bend  into  the.  area  of 
the  transition  rocks,  there  is  a  good  instance  of  local  metamorphism, 
the  transition  rocks  along  the  lower  Vindhyan  boundary,  distinctly  re¬ 
cognisable  as  Bijdvrars  throughout  the  whole  length  between  the  Gopat 
and  the  Son  at  Murai,  being  in  a  gneissose  condition  and  intrusive  granitic 
rocks  occur  in  them.  The  character  of  the  contact  of  these  beds  with  the 
main  gneiss  to  the  south  is,  however,  of  the  kind  described  by  Mr,  Racket 
north  of  Jabalpur,  abrupt  rather  than  transitional;  but  it  is  certain  that  they 
themselves  arc  locally  gneissie,  and  have  been  effected  by  granitic  intrusions. 

If  it  were  certain  that  this  character  of  the  contact  of  the  BijSivars 
with  the  southern  gneiss  is  constant  and  not  due  to  faulting,  and  also 
that  Uie  gneiss  of  the  Rer  and  the  Gopat  are  the  same,  we  could  at  once 
affirm  the  distinctness  of  two  transition  systems  in  this  ground,  for  the  junc¬ 
tion  of  the  slates  of  the  southern  band  with  the  main  gneiss  is  perfectly 
transitkmal—a  gradual  alternating  passage  from  the  strong'  gneiss,  through 
gneissose  and  other  crystalline  schists,  into  the  tine  clay-slate,  as  is  we!! 
seen  in  the  section  in  the  Rer.  But  while  doubts  exist  upon  these  two 
conditions,  it  must  remain  possible  that  these  -slates  of  the  Rer  are  only’ 
a  bottom  member  of  the  Bijawar  system. 

hast  of  the  Rer  and  the  Kanhar  several  laTge  inliers  of  gneiss  and  of 
granitoid  rocks,  of  more  or  less  intrusive  character,  occur  within  -the  slate, 
area,  and  gneiss  is  the  only  rock  seen  below  the  Vindhyans  at  the  lvoel. 
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This  encroachment  of  the  crystallines  upon  the  zone  of  the  transition 
rocks  is  extended  in  Behar,  where,  for  some  miles  north  of  the  Grand  Trunk 
Road  west  of  Gaya,  gneiss  reaches  quite  across  the  strike  of  the  slates. 
Several  hills  isolated  on  the  alluvial  plains  in  this  neighbourhood  are  of 
thorough  granite. 


Immediately  cast  of  Gaya,  transition  rocks  appear  again  on  the  pro¬ 
longation  of  those  in  the  Son  valley,  and  having  the  same  strike.  They 
form  several  groups  of  hills  in  east  Behar,  known  as  the  Maher,  Rajdgriha 
(Rajgir),  Shaikhpura,  Kharakpur,  and  Gfdhaur  hills,  which  stand  clear 
of  the  main  gneissic  area  and  more  or  less  isolated  in  the  alluvial  plains, 
and  those  of  Mahdbar  and  Bhiaura  on  the  northern  margin  of  the  gneissic 
upland.  The  aspect  of  all  these  hills  at  once  shows  that  they  must  be 
formed  of  very  different  rocks  from  the  Bijdwars  of  the  west,  and  sug¬ 
gests  also  that  all  these  Behar  rocks  belong  to  one  system.  They 
generally  present  scarped  faces  formed  of  massive  quartzites  on  every 
side,  the  associated  schists  or  slates  appearing  obscurely  in  the  valleys. 
All  the  peculiar  Bijdwar  rocks  are  wanting.  There  is  no  limestone,  horn- 
stone,  jaspideous  ironstone,  or  bedded  trap.  The  only  similar  rocks  in  ithe 
west  are  the  slates  of  the  Rer  section,  and  there  the  quartzites,  which 
form  such  a  prominent  part  of  the  transition  series  of  Behar,  are  absent. 

We  have  a  somewhat  detailed  description  of  the  Mabibar  and  Bhiaura 
hills  by  Mr,  Mallet,'  and  the  relation  of  the  gneiss  and  transition  rock-series 
is  shown  to  be  very  peculiar.  The  transition  series  here  consists  of  three 
divisions,  an  upper,  composed  exclusively  of  strong  quartzites  as  seen  in 
Mahibar  hill,  a  thick  middle  band,  in  which  fine  mica-schists  largely  pre¬ 
dominate  and  a  basal  member,  in  which  quartzites  again  occur,  sometimes 
in  great  force,  as  in  the  Bhiaura  ridge,  though  they  may  he  altogether 
■wanting  at  no  great  distance.  The  frequent  presence  of  these  quartzites 
here  is  of  great  service,  by  removing  the  doubts  that  so  often  arise,  as  to 
whether  planes  of  lamination  in  schistose  rocks,  of  uniform  composition, 
■are  due  to  bedding  or  to  cleavage. 

It  wouid  be  difficult  to  draw  a  more  irregularly  intricate  line  than  l!  e 
transition  and  gneiss  boundary  on  Mr.  Mallet’s  map.  Near  the  Bhiaura 
and  Mahibar  ridges  there  is  some  approach  to  an  average  east  ami 
west  strike  of  the  boundary,  but,  as  the  plane  of  junction  between  the  two 
series  rises  to  the  south,  its  line  of  outcrop  meanders  about  in  the  most 
devious  manner.  This  is  not  due,  as  might  easily  occur,  to  the  irregular 
denudation  of  two  deposits  in  flat  parallel  superposition.  Here,  as  a  rule, 
the  lower  (older)  rock  forms  the  prominences,  between  which  the  schists 
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Tin  dvkes  ami  massive  outbursts  of  peg-maUtic  granite  of  this  region  are 
principally  exhibited  in  the  transition  series. 

A  very  dose  eoimertion  is  thus  established  in  this  position,  by  oonfonn- 
iiy  of  stratification  and  bv  a  common  melnmorphi-.m,  between  the  transition 
rucks  of  Rebar  and  the  gneiss  in  contact  with  them,  and  it  is  probable  that 
a  large  pari  of  the  gneiss  of  Bengal  is  of  the  same,  age  ;c,  that  at.  the' 
boundary  of  t he-  transition  series.  There  is,  for  instance,  a  v' ry  A  R  diR-fc 
outlier  of  the  MahAhat  schists  and  Biu'aura  quartzites  on  the  plateau  just 
unnli  of  the  Grand  Trunk  Road  at  Barhr,  3a  miles  to  the  south  of  the 
hmind.trv  in  Bekae. 

There  can  scarcely  be  a  doubt  that  the  rocks  of  the  RAjdgribn.  and  oilier 
detached  hills  of  Debar  are  of  the  smite  formation  as  those,  of  MabAbar, 
ami  so  the  contrast  of  their  mineral  condition  is  interesting-.  The  latter 
have  undergone  general  crystalline  tnetamorpbism,  thr;  former  have  only 
very  locally  suffered  this  change,  being  for  the  most  part  still  in  slaty  con-' 
dilion.  Vet  it  would  seem  that  they  too  arc  closely  surrounded  by  crys¬ 
talline  rocks,  for  whenever  rock  is  exposed,  through  the  alluvium  near 
these  hills,  it  proves  to  be  granite.  At  one  spof  near  Ghansura,  on  the 
nnrlli  side  of  the  Rajagriha  range,  there  is  a  contact  showing  distinct  in¬ 
trusion  cf  granite  into  the  soft  earthy  schists,  ft  Is  ao  ordinary  ternary 
granite,  not  like  the  pegmatitic  granite  of  the  Makibar  region.  In  the 
immediate  neighbourhood  of  Gaya  many  forms  of  special  nlctamorphism 
and  of  eomacUaction  are  well  exhibited. 

The  amount  of  disturbance  is  rather  greater  in  the  detached  bills, 
where  Hie  socks  arc  less  metamorphic  than  in  the  MahAbar  region/  and 
the  very  peculiar  confused  form  of  contortion,  noticed  in  the  ‘surface 
of  junction  where  the  transition  rocks  rise  against  the  gneiss  to  the  south, 
vs  well  exhibited  throughout  the  formation,  but  in  larger  proportions 
in  the  lop  beds  of  the  series.  The  Mahdbnr  ridge  itself  is  a  typical  bistaisco 
of  (his  structure.  It  is  a  long,  narrow,  synclinal  ellipse,  the  quartzites  dipping 
at  a  high  angle  nil  round,  towards  the  centre,  and  curving  continuously- at 
each  cud  of  the  axis.  The  Riijdgriha  range  contains  a  pair  of  such  ellipses 
eonipic-s.scfi  together,  She  quartzites  being  for  the  most  part  quite  vertical. 
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along  the  sides.  The  Kharakpur  hills,  which  form  the  largest  of  these 
groups,  are  a  congeries  of  these  discontinuous  flexures,  little  or  no  regu¬ 
larity  being  observed  in  the  direction  of  the  axes  of  contortion. 

We  have  still  to  notice  the  rock  underlying  the  quartzite  in  the  small 
ridge  of  Shaikhpdra,  and  in  the  little  hills  a  few  miles  to  the  east  at 
Luckeeserai,  the  junction  station  for  the  chord  and  loop  lines  of  the 
East  Indian  Railway.  There  can  be  little  doubt  that  the  quartzite  of  these 
localities  is  the  bottom  rock  of  the  Behar  transition  series,  the  Bhiaura 
quartzite.  In  the  Shaikhpura  ridge  it  rests  steeply  against  a  rock  having 
the  texture  of  a  thoroughly  crystallised  coarse  granite,  but  completely 
decomposed.  The  relative  position  of  the  two  rocks  is  precisely  that  of 
the  Bhiaura  quartzite  and  the  dome-gneiss.  Along  a  steady  outcrop  of 
some  two  miles  long  no  feature  of  special  intrusion  was  observed,  and  there 
is  no  extra  metamorphism  at  this  junction.  The  only  contact-action  that 
occurs  is  of  secondary  origin,  in  the  formation  of  layers  and  vein-like 
strings  of  a  sharply  cellular  quartz-rock  much  used  for  making  hand-mills. 

This  section  is  noticed  in  connection  with  a  more  decided  one  at  Luckee¬ 
serai,  only  a  few  miles  to  the  east  on  the  same  strike,  where  the  quartzite 
again  rests  against  an  amorphous  mass  of  pseudo-crystalline  granitoid 
rock,  of  much  less  sharply  defined  texture  than  at  Shaikhpura,  in  which 
strings  of  pebbles  can  be  detected.  This  is  underlaid  by  strong  beds 
of  coarse  conglomerate,  having  the  same  dip  as  the  overlying  quartzite. 
The  pebbles  and  boulders  in  this  conglomerate  are  mostly  sub-angular, 
and  are  exclusively  of  varieties  of  quartzite  like  those  of  the  over- 
lying  formation,  none  being  of  crystalline  rocks.  They  often  appear  elon¬ 
gated  in  the  direction  of  the  foliation,  and  adhere  firmly  to  the  matrix, 
which  is  a  quartzose,  sub-gueissose  schist.  Just  east  of  Dliararah  station 
some  masses  of  this  rock  protrude  through  the  alluvium  close  to  the  base  of 
the  Kharakpur  hills.  Another  outcrop  of  conglomeratic  schist  was  observed 
under  the  east  end  of  the  Gfdhaur  range  and  dipping  towards  it. 

These  Lukeeserai  beds  remind  one  forcibly  of  the  pseudo-gneiss  ob¬ 
served  conformably  underlying  the  Bijdwarsin  the  section  of  the  Ken  river 
in  Bundelkhand,  and  the  suggestion  revives,  however  slightly,  the  question 
of  the  possible  correspondence  of  the  transition  groups  in  the  two  areas. 

There  is  another  rock  frequently  found  with  the  undulating,  gneissic 
rocks  of  Behar,  and  elsewhere  in  this  zone  or  protruding  from  the  alluvium 
near  the  hills,  thatsuggests  the  same  connection.  It  is  a  jaspideous  quartz¬ 
ite,  often  brecciated,  and  not  unlike  (lie  bottom  Bij.iwar  rock  of  Bundcl- 
khand  and  the  Dhdr  forest.  It  commonly  has  the  same  moderate  dip  os 
the  rocks  with  which  it  occurs,  but,  when  vertical  or  crushed,  it  is  readily 
mistaken  for  fault-rock  or  vein-stone. 

Suggestions  of  an  opposite  tendency  can,  however,  lie  pointed  out  from 
observations  recorded  in  preceding  paragraphs.  It  was  slate*!  Unit  tin- 
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contrasting  groups  of  transition  rocks  in  the  northern  and  southern  portions 
of  the  section  in  south  Mirzdpur  cannot  be*  in  auy  degree,  representative 
of  each  other  by  horizontal  transition,  and  the  presumption  would  be 
strongly  in  favour  of  the  southern  beds— the  slates  of  the  Rcr— being  the 
older  of  the  two.  If  the  Behar  rocks  had  to  be  affiliated  to  either  of  these 
exclusively,  it  would  certainly  be  to  the  latter-group. 

It  has  been  already  explained  that  the  gneissic  formations  in  lower 
Assam  and  the  Mils  to  the  south  are  more  closely  allied  to  those  of  the 
peninsular  region  of  India  than  to  the  metamorphic  formaiions  of  the 
Himalaya.  This  relation  holds  also  for  the  transition  rocks,  which  are. 
largely  developed  on  the  south  side  of.  the  hills,  where  the  sub-metamorpluc 
beds  are  for  the  most  part  covered  by  the  horizontal  cretaceous  rocks 
of  the  plateau,  but  are  exposed  in  the  deep  ravines  that  penetrate  to  the 
very  axis  of  the  range.  The  lateral  extension  of  these  transition  rocks 
has  not  been  ascertained.  Ontheceivtral  cross-section  in  the  Klrisi  country 
they  stretch  for  30  miles  from  near  the  south  margin  oh  the  plateau  to 
beyond  the  watershed  north  of  Shillong;  the  culminating  ridge  with  its  sum¬ 
mit  6,450  feet  high  being  formed  of  the  quartzites  of  the  transition  series^ 
which  have  hence  beeir  described  as  the  Shillong  serffsi1 

1' hese  Shill  on  g  be  ds  have  agon  oral  resemblance  to  those  in3char.  They 
consist  of  a  strong  band  of  quartzites  oveilying  a  mass  of  earthy  schists: 
Great  masses  of  granite  and  of  basic  trap  rock  also  occur  intrusively.  The 
former  may  well  represent  the  similar  rock  seen  to  be  intrusive  into  the 
slaty  schists  of  Rdjagriha,  and  the  latter  resembles  certain  trappoid  roqks 
in  Behar.  Thus  altogether  the  affinity  is  sufficiently  marked  tointrodu©^ 
the  notice  of  the:  Shillong  area  in  sequence  with  that  of  Behar  In  the 
lofty  and  deeply  eroded  ground  of  the  Assam  hills  the  sections  are  much 
more  favourable  for  study  than  on  the  alluvium- smothered  plains,  and  some 
very  puzzling  observations  have  been  recorded  regarding  the  relations 
of  the  hypogene  rocks  to  the  Shillong  series. 

The  lithology  of  these  Shillong  rocks  varies  much,  according  to-  local 
conditions  of  metamorphism.  In  places  the  quartzites,  generally  very  firm 
and  more  or  less  schistose,  are  quite  friable  and  might  be  called  sand* 
stones,  but  this  state  is  probably  due  to  decomposition,  for  the  texture: 
always  reveals  the  effects  ot  clremrcal  change.  It  is  coarser  grained 
than  is  common  in  the  Behar  quartzites,  and  at  the  base,  immediately  over 
the  slates  or  schists,  there  usually  occurs  a  conglomerate,  often  of 
considerable  thickness,  made  up  chiefly  of  quartz  pebbles,  but  with  some 
rounded  fragments  of  coloured  quartzites.  Still,  so  far  as  has  been  made 
out,  the  quartzite  is  conformable  to.  the.  schists,  but  in  troubled  ground 
it  is  difficult  to  make  sure  of  such  a  point.  The  schistose  beds  also  exhibit 
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much  variety  of  texture,  from  ordinary  clay  slate  to  well  foliated  schists 
■and  gneiss.  These  changes  are  simultaneous  in  both  quartzites  and 
schists,  and  it  is  noteworthy  that  the  increase  of  metamorphism  is  towards 
the  south,  away  from  the  area  of  the  old  gneiss. 

1  he  relation  of  the  transition  rocks  to  this  gneiss  has  not  been  made 
out.  On  the  only  section  of  which  we  have  critical  observations,  nearly 
due  north  and  south  through  Shillong,  the  boundary  with  the  gneiss  occurs 
in  the  low  jungle-covered  hills,  where  observation  is  almost  impossible. 
The  dividing  line  between  the  two  series  crosses  the  high  range  to  the 
west  of  our  section,  and  if  is  there  that  the  junction  should  be  examined. 
The  observation  already  noted,  that  the  metamorphism  increases  to  the 
south,  would  suggest  that  the  junction  of  the  schists  with  the  main  gneiss 
to  the  north  may  be  lithologically  abrupt.  At  the  southern  boundary  there 
is  a  steep  plane  of  contact  between  the  highly  altered  transition  rocks  and 
the  great  accumulation  of  bedded  eruptive  rock,  known  as  the  Sylhet  trap, 
supposed  to  correspond  with  that  of  the  Rdjmahdl  hills  and,  therefore,  to  be 
of  jurassic  age.  The  cretaceous  sandstones  lie  evenly  and  unconformabiy 
on  both  formations. 

fa  the  midst  of  the  transition  area  there  is  an  extensive  exhibition  of 
eruptive  rock,  of  very  different  character  from  the  Sylhet  trap.  It  is  a 
dense,  massive,  basic  diorite  or  greenstone,  The  high  road  between  Sura- 
rim  and  Mauphlong  crosses  this  rock  continuously  for  five  miles  in  the 
gorges  of  the  Kdlapdni  and  Bogapdni  rivers.  The  direction  of  the  road  is 
oblique  to  the  strike  of  the  rocks,  but  at  right  angles  to  its  outcrop  the 
greenstone  is  fully  a  mile  wide,  it  nowhere  betrays  any  bedded  structure, 
aud  its  intrusive  character  is  not  so  marked  as  might  be  expected  with  so 
extensive  a  display  of  igneous  rock.  There  is,  however,  sufficient  evidence 
of  intrusion  for  this  greenstone,  as  a  well  defined  dyke  passes  from  the 
Main  mass  into  the  quartzite  of  the  ridge,  about  half'  a  mile,  south  of 
Mauphlong.  Elsewhere  one  may  walk  for  miles  along  the  junction  of  the 
two  rocks  without  finding  any  signs  of  penetration  of  oue  by  the  other. 

The  relation  of  the  granite,  or  at  least  of  the  larger  masses  of  the  crys¬ 
talline  rock,  to  the  transition  'rocks,  is  also  very  puzzling.  Two  such 
masses  adjoin  the  high  road  across  the  Kbdsi  hills.  One  is  the  Myllfm  (Molim) 
area  just  south  of  the  Shillong  ridge,  and  close  to  the  road  between  Mauph- 
loug  and  Shillong.  The  other  area  is  much  more  difficult,  of  approach,  the 
granite  being  only  exposed  in  the  deep  gorges  under  the  sandstones  of  the 
plateau,  as  on  both  sides  of  {jjurarim. 

The  rock  is  a  thorough  granite.  It  commonly  affects  a  spheroidal  struc¬ 
ture,  and  it  is  composed  of  pale  pink  orlhoclase,  often  in  large  cry  slab.,  a 
small  proportion  of  very  pale  greenish  uligoclase,  a  little  dark-grt.  n  or 
brown  mica,  and  an  abundance  of  disseminated  hyaline  quartz.  '1  here  can 
be  no  question  that  these  great  granitic  masses  are  of  later  origin  than  tin 


transition  serifs,  for  the  total  want  of  symmetry  in  the  arrangement  of  Hie 
surrounding  sedinn-ntary  rocks  lorbids  the  supposition  that  they  could  have 
been  deposited  round  the  granite,  yet  the  absence  of  any  apparent  con- 
ncction  between  the  form  of  '.he  intrusive  masses  and  the  disturbance 
of  the  transition  rocks  is  very  difficult  to  understand.  The  quartzites  (the 
upper  member  of  the  transition  series)  are  generally  found  at  the  boundary, 
but  their  dip  and  strike  are  quite  independent  of  the  granite,  as  if  their 
contortions  had  been  fully  established  before  the  granite  was  introduced, 
and  remained  quite  unaffected  by  it.  The  facts  seem  totally  to  preclude 
the  notions  of  fracture  and  compression  commonly  associated  with  the 
word  intrusion.  The  supposition  of  the  mass  being  faulted  into  position 
also  lacks  any  corroborative  evidence,  the  boundary  lines  are  all  rounded 
and  show  no  symptoms  of  Assuring.  It  is  as  if  a  great  hole  had  been 
burned  out  of  the  old  stratified  rocks  and  the  crystalline  mass  let  in,  or  as 
If  the  transition  rocks  had  been  converted  into  granite  up  to  a  certain 
boundary,  without  affecting  the  area  beyond  that  line,  ■  Yet  the  junction 
is  quite  sharp,  the  quartzites  not  being  more  altered  at  the  very  contact 
with  the  granite  than  away  from  it.  In  keeping  with  all  these  negative1 
characters  is  the  fact  that  no  dykes  or  veins  of  granite  have  been  observed 
issuing  from  the  great  mass  of  Mylliirr,  nor  even  in  its  neighbourhood.  This 
is  the  more  remarkable,  because  dykes  and  veins  of  similar  granite  are  not  . 
uncommon  in  the  southern  part  of  the  area,  where  the  general  metamor¬ 
phism  of  the  transition  series  is  so  much  greater  as  to  suggest  that  the  1 
focus  of  hypogene  activity  lay  in  that  direction,  beyond  the  present  southern 
limit  of  these  formations.  It  is  also  in  agreement  with  the  facts  and 
suggestions  recorded  to  note  that  the  granite  is  younger  than  the  old" 
diorilic  Khdsi  trap;  several  small  dykes  of  granite  are  seen  ramifying 
through  the  diorite  in  the  bed  of  the  torrent  east  of  Surarim. 

The  gneissic  uplands  of  Haairibdgh  and  Chutid  Ndgpur,  about  r  20  miles 
wide,  separate  the  transition  rocks  of  Bebar  from  those  which  occupy 
parts  of  Mdnbbum  and  Singbhuro  in  south-west  Bengal  and  stretch  far  to 
the  west,  the  whole  transition  area  being  about  150  miles  long  from  east  to 
west,  and  80  miles  wide1. 

Although  the  total  thickness  of  this  series  must  be  great,  no  distinct¬ 
ive  zones  are  marked  in  it.  From  top  to  base  it  seems  to  be  an  indiscri¬ 
minate  alternation  of  quartzite,  quartzite  sandstone,  slate  and  shales,  horn- 
bk-ndic,  micaceous,  talcose,  and  chloritic  schists,  the  latter  passing  into 
polstone,  and  some  bedded  trap.  Well-preserved  ripple  marks  are  found  in 
the  slates  and  shales,  and  some  of  the  latter  are  so  little  metamorphosed 
ihat  they  might  be  mistaken  for  Talehirs,  but  for  the  quartz  veins  that 
penetrate  them.  <  . 
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Some  large  inliers  of  gneiss  occur  within  this  basin  of  transition  rocks 
Around  some  of  these  inliers  the  boundary  is  in  its  original  condition 
as  at  Chdibdsd,  where  shales  and  sandstones  rest  flatly  and  quite  un¬ 
changed  upon  the  coarse  gneiss  of  the  principal  inlier,  and  the  uncon¬ 
formity  of  the  two  series  is  further  proved  in  this  case  by  the  fact  that 
the  underlying  gneiss  is  profusely  traversed  by  trap  dykes,  which  do  not 
penetrate  the  overlying  deposits.  The  boundary  between  the  transition 
rocks  and-  the  main  gneiss  of  Bengal  on  the  north  is  said  to  be  a  fault,  on 
account  of  the  more  or  less  continuous  presence  along  it  of  a  rib  of  vein¬ 
stone.  This  boundary  occurs,  however,  at  the  base  of  a  long  descending 
section  of  the  transition  rocks  and  the  beds  along  the  line  of  junction 
are  such  as  elsewhere  appear  as  bottom-beds  of  the  transition  series. 
There  are  besides  outliers  of  the  slate  series  beyond  the  supposed  faulted 
boundary  to  the  east,  about  S-dpur,  and  an  inlier  of  gneiss  a  short  distance 
inside  it  at  Borobhum.  We  can  at  least  conclude  that  the  junction  here,  whe¬ 
ther  faulted  or  not,  is  abrupt,  that  is  to  say,  without  any  gradation  of  strati- 
graphical  or  mineralogical  characters.  In  this  part  of  the  basin  the  maxi¬ 
mum  of  disturbance  and  of  metamorphism  seems  to  occur  away  from  the 
boundaries.  Further  to  the  west,  however,  the  junction  of.  the  slate  and 
gneissic  series  is  described  as  transitional,  and  granite  veins  penetrate  the 
slates  without  much  affecting  them. 

The  most  striking  feature  of  this  area  is  a  mass  of  dioritic  trap  running 
continuously,  but  with  varying  width,  nearly  east  and  west,  through  the 
centre  of  the  transition  basin.  DalmA  hill,  3,050  feet  high,  is  formed  of 
this  rock,  and  here  the  outcrop  is  nearly  3  miles  wide.  The  trap  is  de¬ 
scribed  as  a  great  dyke,  but  its  composition  is  described  as  complex  and 
obscurely  bedded.  A  section  north  of  RAmgarh  is  given  as — 1 

1.  -Indurated  Chloride  Schist.  I  g.  Indurated  chloride  schist. 

2.  Porphyritic  trap.  6.  Breosiated  trap. 

3.  Indurated  chloride  schist.  7.  Indurated  chloride  schist. 

4.  Compact  and  amygdaloidal  trap.  I  8,  Brecciated  trap. 

Several  other  cases  of  similar  variation  were  observed.  The  supposed 
dyke  is  found  along  the  axis  of  a  greatly  compressed  synclinal  fold,  and 
has  evidently  been  subject  to  much  crushing,  the  description  is  not 
such  as  one  would  expect  in  the  case  of  a  truly  intrusive  reck,  and  it  is  at 
least  possible  that  it  is  composed  of  contemporaneous  volcanic  rocks 
whose  structure  has  been  obscured  by  disturbance. 

As  in  Southern  India,  these  transition  rocks  carry  metalliferous  lodes 
of  gold,  silver,  copper,  lead,  etc.,  but  so  far  none  of  these  have  proved 
remunerative — except  to  promoters  of  joint  stock  companies  and  a  limited 
number  of  speculators  in  mining  scrip- 

in  ChutiA  NAgpur  a  few  exposures  of  quartzites  and  schist  have  be.  11 
'  XVtli,  SneOHSi). 
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separated  from  the  gneiss,  am!  it  is  probable  that  more  will  be  found 
when  the  gncissic  area,  intervening  between  the  patches  of  'Gondwftnn 
rocks,  is  more  close))'  examined.  Some  of  these  patches  are  indicated  on 
the  map,  but  they  do  nut  exhibit  sufficient  peculiarity  to  .require  detailed" 


West  of  Raipur,  in  the  Centra!  Provinces,  is  another  stretch  of  trans¬ 
ition  rocks,  known  as  the  Chiipi  ghat  or  Saletekri  beds,1  which^bave  been 
but  little  examined.  They  consist  of  quartzites,  dark  green  and  bull  slates, 
and  siiaiy  beds,  coarse  conglomerates  and  numerous  beds  of  trap.  They  are 
for  the  most  part  much  disturbed,  but  sometimes  lie  at  easy  dips.  The 
succession  of  the  beds  has  not  been  worked  oui,  and  little  more  is  known 
of  them  than  their  approximate  boundary. 

To  the  south-east  Dr.  Ball  found,  on  the  eastern  side  of  the  plateau 
south  of  Tarnot,2  some  much  disturbed  shales,  with  subsidiary  quartzites 
underlying  the  horizontal  quartzites  of  the  plateau.  These  very  probably 
belong  to  the  same  series  as  the  Chiipi  ghat  beds,  and  on  the  accompanying 
map  have  been  coloured  as  such. 

Turning  to  the  north-west  corner  of  the  Peninsula  the  beds  of  the  G  walior 
system8  are  found,  about  120  miles  from  the  Buudelkhand  outcrop  of  the 
Bijdwar  system,  resting  upon  the  gneiss  in  precisely  the  same  mechanical 
relation,  horizontally  or  with  a  gentle  slope.  The  denuded  outcrops  of  the 
quartz  reefs  traversing  the  gneiss  are  in  both  cases  covered  by  the  bottom 
deposits  of  the  overlying  transition  groups,  but,  a  slight  difference  is 
noticeable  at  the  'actual  contact.  The  bottom  layer  of  the  Bijawars  is 
commonly  more  or  less  adherent  to  the  gneiss,  the  result  of  the  partial 
metamorphism  that  the  Bijdvvars,  even  in  Buudelkhand,  have  Undergone, 
whereas  in  the  Gwalior  rocks  the  bottom  contact-layer  is  still  uuaffecttd 
in  contact  with  the  gneiss. 

A  general  list  of  the  rocks  of  the  Gwalior  formation  would  not  suggest 
any  separation  from  the  Bijdwars.  Bach  contains  sandstone  or  quartzite, 
limestone,  jasper,  iron  bands  and  bedded  traps.  The  arrangement  of 
these  different  strata  is,  however,  markedly  different  in  the  two  cases, 
and  the  general  facies  of  these  two  series  does  not  suggest  to  the  observer 
that  they  are  representative.  Still,  the  Gwaliors  are  more  nearly  allied  by 
their  mineral  characters  to  the  BijSwars  than  to  the  lower  Vindhyans,  and 
on  this  account,  on  account  of  their  relations  to  the  slaty  scries  of  the 
Arivallis,  and  of  the  great  unconformity  which  subsists  between  them  and 
the  upper  Vindhyans,  they  are  here  classed  with  the  transition  rather 
thaw  the  older  palaeozoic  systems. 


1  The  only  published  description  Brill  be  series  by  Mr,  C.  A.  Hacket  in  Ill,  33, 

found  in  Records,  XVIlt,  iS7,  (1885).  (x8;o) ;  it  is  also  mentioned  in '  Mr..  Hacket’s 

1  cords,  X,  i;3,  (1877).  ;  paper  on  the  north-east  Ar.ivalli  legion, 

*  There  is  a  short  notice  of  4hs  Gwalior  Records,  X.&r.  (1S77).  ■  '  • 


On  tilt:  top  of  the.  Far  sand-done  there  nrmrs  locally  a  compact 
mlcareo-silidous  bed  that  it--  worth  noticing,  because  the  peculiar  eoralloid 
forms  U  exposes  bv  tveaiht-ring  were  thought  by  Dr,  Stoliczka  to  be  of 
organic  origin.1  This  rock  is  best  seen  just  south  of  Bitfa,  25  miles  east 
by  south  of  Mordr, 

The  lower  zone  of  bedded  trap  is  about  400  feet  from  the  base  of  the 
Monir  group.  There  aie  two  or  more  flows  with  intervening  shales 
well  seen  on  both  sides  of  the  Indore  road,  at  from  6  to  it)  miles  south¬ 
west  of  Gwalior.  The  thickness  of  these  flows  is  very  various.  From 
70  feet  they  thin  out  to  nothing,  but  they  are  probably  nowhere  absent 
on  this  horizon,  obscure  outcrops  of  them  having  been  -observed  at  several 
places  in  the  valley  formed  along  their  strike  to  the  east  At  some  spots 
there  is  an  appearance  of  the  trap  having  burst  up  through  the  under¬ 
lying  shales,  Tims,  in  the  stream  near  the  Trunk  Road  north-west  of 
Beta,  there  is  a  low  section  showing  the  shales  and  trap  in  vertical  con¬ 
tact,  but  otherwise  the  interstratification  is  unbroken. 

In  connection  with  this  lower  zone  of  trap  there  occurs  a  rock  that  will 
again  come  under  notice  in  the  Cuddapah  system,  and  also  in  the  lower 
Vindhvaos.  it  is  a  compact  porcellanic  rock,  as  sharply  and  regularly 
bedded  as  the  associated  jaspidcous  shales.  Occasionally  it  is  obscurely 
porphyritic,  liaving  small  indeterminate  crystals  scattered  through  it.  An 
analysis  of  a  specimen  from  the  Gwalior  beds  gave  a  composition  ap¬ 
proaching  to  (hat  of  orthoclase  felspar.8  Bui  there  is  no  presumption 
that  this  porcellanic  rock,  or  bornstone,  which  has  more  than  once  been 
described  as  volcanic,  has  any  connection  with  volcanic  activity,  and  its 
association  here  with  trappean  beds  of  highly  basic  composition  is  probably 
quite  fortuitous,. 

The  upper  zone  of  trap  is  on  a  much  larger  scale.  The  whole  plain 
of  Mordr  is  underlaid  by  it,  at  least  on  the  north  side,  and)  if  allowance 
is  made  for  the  small  dip,  the  flow  can  hardly  be  less  than  500  feet  thick. 
K  is  admirably  exposed  in  the  undercliff  of  the  Vindhyan  Scarp  in  the  fort 
hill  and  the  promontories  to  the  westward.  In  asmai!  plateau  about  three, 
mik-s  to  north-north-east  of  the  fort  it  is  overlaid  horizontally  by  typical, 
rusty,  jaspideous  shales  of  the  Gwalior  series.  Several  detached  hills 
in  the  plain  lying  east  by  north  of  Morar  are  formed  entirely  of  this 
massive  trap. 

Limestone  occurs  principally  on  two  horizons,  in  and  above  the  lower 
trappean  zone  and,  in  the  northern  hills,  above-  the  great  trap  flow.  In 
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both  positions  it  is  very  uncertain  and  discontinuous.  Within  a  space  of 
loo  yards  a  mass  of  limestone,  more  than  50  feet  thick,  is  found  to  be 
totally  replaced  by  ochreous  shales. 

The  iron  ore,  which  is  largely  mined  in  the  Gwalior  system,  is  quite 
different  from  that  found  in  tire  Bijdwars.  The  latter  is  a  massive 
concretionary  haematite  irregularly  concentrated  in  ferruginous  earthy 
sandstones.  The  Gwalior  ore  is  a  fine  wafer-like  shale,  composed  of  thin 
flakes  of  haematite  with  still  thinner  films  of  clay.  It  is  a  decomposed  con¬ 
dition  of  the  jaspideous  shales,  from  which  the  amorphous  silica  has  been 
dissolved  out,  leaving  the  iron  ingredient  in  a  very  favourable  stats  for 
mining  and  smelting.  The  conditions  for  this  change  seem  only  to  have 
obtained  near  the  base  of  the  group,  as  the  mines  are  in  the  shales  a 
few  feet  over  the,  Pir  sandstone.. 

To  the  east  and  north  the  Gwalior  system  is  covered  by  the  great 
alluvial  plains.  On  the  west  it  passes  under  the  upper  Vindhyans,  and  two 
inliers,  exposed  by  the  removal  of  these  covering  rocks,  are  crossed  by 
the  Trunk  Road.  The  only  specific  identification  of  the  Gwalior  beds 
beyond  this  area  is  at  the  nearest  point  on  the  opposite  side  of  thi* 
northern  extension  of  the  Vindhyan  basin,  70  miles  to  the  north-west  of 
Gwalior.  At  Hindaun  there  is  a  narrow  ridge  of  banded  jasper  and  fer¬ 
ruginous  shales,  which  Mr.  Hacket  considers  to  be  indubitable  Gwaliors1. 
The  Gwaliors  at  Hindaun  are  more  or  less  vertical,  and  in  contact  with 
them,  but  not  conformably,  are  some  quartzite  sandstone  arid  red  and 
black  slaty  shales,  with  irregular  bands  of  limestone,  which  will  be  agaiu 
referred  to  when  dealing  with  the  Delhi  system. 

The  antiquity  of  these  rocks  is  shown  not  only  by  this  section  at 
Hindaun,  but  by  the  very  extensive  denudation  they  had  undergone  pre- 
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Thesesections  appear  to  leave  but  little  room  for  doubting  that  an  ' 
unconformable  break  exists,  and  for  this  reason  it  appears  advisable  to 
recognise  the  existence  of  a  distinct  system  of -schists  and  slaty  beds, 
underlying  and  older  than  the  Delhi  system,  though  it  ’  is  impossible  to 
attempt  any  subdivision  or  detailed  description  of  them. 

Beds  of  compact  silicious  rock  and  jasper,  slightly  resembling  those  of 
the  Gwalior  system,  are  recorded  as  occurring  in  the  R-aialo  group  in 
Shaikhiwatf,  near  Chenpura,  north-east  of  the  Basi  railway  station,  and 
near  Muhammadpur,  south  of  Kherly  railway  station.  At  the  time  the 
observations  were  made  the  term  Rai-alo  covered  all  the  beds  below  the 
AKvar  quartzite,  except  the  gneiss,  and  it  is  consequently  uncertain 
whether  these  beds  belong  to  the  Delhi  system  or  not,  but  the  occurrence 
of  jasper  pebbles  in  the  conglomerates  of  the  Alwar  group  makes  it  prob¬ 
able  that  they  should  be  referred  to  the  Ardvalli  system,  as  here  restricted. 

In  the  central  part  of  the  Ardvalli  range  the  Ardvalli  schists  are  profusely 
penetrated  by  granite  veins,  and  have  in  consequence  undergone  great 
metamorphism.  But  west  of  Udaipur  there  is  an  area  where  granite 
is  wanting,  and  the  beds  are  almost  as  unaltered  as  the  slates  and  lime¬ 
stones  below  the  Alwar  quartzite,  west  and  south  of  Nfmach.  This  was 
considered  to  be  an  indication  that  the  last-mentioned  beds  were  repre¬ 
sented  in  a  more  metamorphosed  condition  by  the  Ardvalli  schists,  but  it  is 
equally  possible,  and  on  the  whole  more  probable,  that  they  are  an  outlier 
of  the  newer  beds  or,  belonging  to  the  older  system,  have  locally  escaped 
metamorphism. 

The  rocks  of  the  Delhi  system  extend,  in  a  number  oF  isolated  out¬ 
crops  of  varying  size,  from  Delhi  to  beyond  Nfmach,  a  distance  of  about 
340  miles  from  north-north-east  to  south-south' west,  and  for  a  width 
of  about  150  miles  in  a  direction  transverse  to  this.  The  name  applied  to 
the  system  by  Mr.  Hacket  in  18811  has  proved  an  unfortunate  one,  as  it 
is  but  ill  exposed  near  Delhi,  and  we  must  look  to  the  hills  near  Birina,  and 
those  of  Mandsaur  and  the  neighbourhood  of  Nfmach,  for  the  typical  sec¬ 
tions.  It  is,  however,  the  name  which  has  been  used  on  the  maps  and  in  the 
publications  of  the  Survey,  and  a  change  would  lead  to  greater  incon¬ 
venience  than  its:  retention. 

The  beds  comprised  in  the  system  consist  of  a  lower  group  o!  slat-es  and 
limestones,  and  an  upper,  very  much  thicker,  group  ol  quartzites,  known 
as  the  Alwar  quartzites.  The  lower  group  was,  in  the  fust  instance, 
named  the  Raialo,  but  as  this  name  has  subsequently  been  applied  to  ail 
the  beds  below  the  Alwar  quartzites,  including  those  which  there  s'enn 
good  reason  for  separating  as  an  independent  system,  its  use  will  ho 
abandoned  here. 
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The  Alwar  quartzites  may  be  described  generally  as  well-bedded 
quart  rites*  of  light  grey  colour  and  fine  grain,  in  winch  ripple  markings  and 
suu'cracks  on  the  surface  of  the  beds  are  common.  Coarse:  grained  beds 
are'of  frequent  occurrence,  and  slaty  bands  are  met  with,  arkose  is  often 
found  "near  the  base  of  the  group  where  it  rests  on  gneiss  or  granite,  and 
the  earlier  part  of  the  period  during  which  it  was  formed  appears  to  have 

In  the  Biana  hills  the  Alwar  quartzites  have  been  divided  into  five 
groups  as  follow**  2 — 1 

3.  B:/iiia  wiiitc  quartziteand  conglomerat  e. 

2.  Badalgadr  qwaruitc  and  shale. 

Nllhahrir  quartzites  and  hodded  traps; 

These  groups  are  all  separated' by  slight  rmcnnCormities  of  denndatioii 
and  overlap,  but  the  distinctions  appear  to  be  quite  local,  for,  even  in  the 
Birina  bills,  they  are  distinguishable  on  some  sections,  while  in  other 
outcrops  it  has  boon  impossible  to  recognise  them.  All  the  groups  vary 
very  much  in  thickness,  and  ate  completely  overlapped  near  Nithahar  by  . 
the.  Wer  quartzites,  which  rest  directly  on  the  schists* 

Weal  and  south  of  Nftnacli®  a  very  similar  succession  of  beds  is  seen, 
consisting  at  the  base  of  a  conglomeratic  sandstone,  overlaid  by  about  200 
feet  of  shales  and  limestone,  and  capped  by  a.  varying  thickness  of  quartz* 
ite.  The  beds  arc  very Tittle  disturbed  and  the  exposures  are  completely 
isolated,  but,  northwards  of  Sadri,  there  arc  exposures  of  highly  disturbed 
quartzite  which,  forming. a  scries  of  ridges  running  northwards,  can  be  cor. 
related  with  the  beds  of  Mandsaur  and  Sadri  on  the  south,  and  those  of  the 
Birina  and  Alwar  hills  and  Delhi  on  the  worth.  The  identification  depends 
partly  on  the  observed  relation  of  the  quartzites  to  the  older  rocks*  partly 
on  the  similarity  of  lithological  character,  a  perfectly  justifiable  method  over 
sueb  ahort  intervals  a_s  we  are  dealing  with,  and  is  helped  out  by  the  frequent 
occurrence  or  beds  of  contemporaneous  trap  in  the  lower  part  of  the  series, 
though  these  have  not  as  yet  been  subjected  to  a  critical  examination. 

Tile  relation  of  this  system  to  the  gneiss  w  est  of  Nfmarh,  and  to  the 
schists  of  the  Arrival)!  system,  as  now  restricted,  is  one  of  complete  un¬ 
conformity,  there  being  usually  a  conglomerate  at  or  near  the  base  of  the 
section,  in  which  pebbles  of  the  underlying  gneiss  arc  stated  to  occur  near 
llaulaprinl.  In  the  ridges  north,  of  Sadri  the  same  unconformity  lias  been 
observed,  and  a  similar  micoiiformablc  contact^  accompanied  by  a  basal 
conglomerate,  has  been  observed  near  Nitbahar  where  the  quartzites  mst 
on  vertical  schists,  near  Taira  south  of  Alwar  where  they  rest  on  granitoid 
gneiss  and  contain  gneiss  pebbles,  and  at  Marot,  north  of  the  Srirobhar  , 
salt  lake,  where  the  bottom  beds  of  ttie  quartzite,  conglomeratic  with  rolled  | 
ItecvrdSi  X,  8os  (1877).  1  a  RecvtAs,  XiV*  293,  (1SS1). 
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trated  willi  granite  intrusions'. 

Ill  the  Nfmach  area  the  lower  slates  and  limestones  of  this  system  rest 
unconformably  on  the  gneissj  but  no  ease  el  unconformity  with  tbe.Aravalli 
beds  appears  to  have  been  recorded.  The  complete  overlap  of  the  slates 
by  the  quartzites  which  are  coni ormahle  to  them  is,  however,  in  itself  ah 
ample  proof  of  the  unconformity  of  the  Delhi  system  to  the  underlying 
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dkturbance  would  not  be  anterior  to,  but  confcCmporaneons  with,  the 
deposition  of  the  Vindhyan  beds. 

llnder  th^se  circumslanccsthe  correlation  subsequently  adopted,1  which 
classed  the  quartzites  of  Hindaun  with  those  of  the  Alwar  group,  seems  the 
most  probable  one,  and  we  have  the  Delhi  system  established  as  ne  wer  than 
the  Gwaliors.  This  conclusion  is  supported  by  the  occurrence  of  .pebbles 
of  jasper,  closely  resembling  that  of  the  Gwalior  system,  in  the  lower 
bods  of  the  Alwar  quartzites,  north  of  Dhanlapani  and  in  the  Bidna  hills. 

Before  leaving-  this  system  we  must  notice  a  peculiar  form  which  the 
quartzite  1  oca) ly  assumes  a t  Ivalid na,  near  Dddri,  in  Jmd.  The  rode  is  here 
extensi  vely  quarried  for  millstones,  and  in  some  of  the  quarries  it  lias  become 
locally  converted  into  what  is  known  as  itacolumite,  or  flexible  sandstone. 
The  quartzite  in  its  natural  form  is  glassy,  and;  the  individual  grains  of 
sand  have  become  coated  with  an  outgrowth  of  secondary  quartz,  giving 
them  an  irregular  outline  when, semi  in  section.  Generally  the  rock  appears 
to  withstand  weathering  extremely  wel!,  and  is  as  hard  and  glassy  a  few 
inches  from  the  surface,  as  in  the  depths  of  the  quarries-  locally,  however, 
decomposition  lias,  been  able  to  penetrate  into  the  rock,  and  it  has.  wea¬ 
thered  into  a  mass  of  very  irregular-shaped  aggregates  oi  quartz;  grains, 
held  together  by  the  interlocking  of  their  irregularities,  but  capable  of  a 
certain  amount  of  freedom  of  movement  over  each  other.  There  is 
nothing  to  show  why  this  peculiar  form  of  weathering  should  have  taken 
place  in  some  places,  and  not  in  others,  It.  is;  not  con  lined  to  particular 
beds,  nor  is  it  continuous  for  many  feet  along  the  strike  in  the  same  bed5. 


Far  to  the  north  west  of  the  termination  of  the  Ar&vallis,  after  a  wide 
interval  of  plains  traversed  by,  the  Sutlej  and  the  Rdvi,  some  ldlls  occur  on 
the  sides  of  the  ChetiAb  at  Chiuiot  and  Kirdna.  These  hills  are  only  40 
miles  distant  from  the  Salt-range,  but  the  rocks  are  totally  different  from 
any  that  occur  there,  and  correspond  well  with  those  seen  in  the  ArdvalH 
range.  They  consist  of  strong  quartzites,  with  associated  clay  slates,  form¬ 
ing  steep  ridges  with  a  north-east  to  south-west  strike.  The  highest 
summit  is  stated  by  Dr.  Fleming  16  be  957  feet  above  the  plain,  The 
rocks;  seem,  from  the  uncertain  observations  given  of  them,  to  be  in  a 
less  metamorphic  state  than  those  nearest  them  to  the  south  east,  a  fact 
which  agrees  with  their  remoteness  from  what  ls ‘presumably  the  centre 
of  disturbanc.e  of  the  region.  The  oldest  rocks  of  the  Salt-range  are  pro¬ 
bably*  from  their  contrasting  petrological  conditions,  very  much  younger 
than  the  strata  of  Kip^na*  and,  as  the  former  are  at  least  Cambrian,  we  thus 
obtain  a  small  hint  of  the  age  of  these  transition  deposits 


CHAMPANER  UEDS. 


East  of  Baroda,  at  the  south-west  extremity  of  the  Ardvalii  region,  there 
is  an  outcrop  of  rocks  which  must  be  referred  to  one  of  the’ transition 
formations.  It  extends  some  twenty  miles  east  from  the  Pawagarh  hill,  for 
eight  miles  south  from  Champdner,  and  to  a  considerable  but  unknown  dis¬ 
tance  to  the  north.  The  beds  of  this  exposure,  while  resembling  those  of 
the  Bijdwar-system  in  general  character  and  state  of  metamorphism,  do  not 
contain  any  of  its  characteristic  rocks,  while  the  most  remarkable  rock 
of  the  exposure  is  wanting  in  the  Bijdwars.  For  this  reason  it  is  not 
possible  to  refer  them  to  the  latter  system.  So  far  as  can  be  judged  from 
the  description,  they  are  more  like  the  rocks  of  the  Delhi  system,  but  it  is 
impossible  to  definitely  refer  them  to  it,  owing  to  the  long  stretch  of 
unexplored  ground  that  separates  the  two.  Under  these  circumstances  it 
will  be  best  to  treat  them  under  the  name  of  Champdner,  from  the  capital 
of  the  old  Mahomedan  kingdom  of  Gujardt,  which  stands  upon  their 
margin. 

The  principal  constituent  of  the  Champaner  beds  is  a  quartzite  or 
quartzite  sandstone,  the  other  beds  being  conglomerates,  slates,  and  lime¬ 
stones,  with  occasional  ferruginous  bands.  The  conglomerates  are  the 
most  distinctive  beds  of  the  Champaner  area  ;  the  matrix  is  a.  coarse,  gritty 
sandstone,  containing  pebbles  and  boulders,  often  a  foot  in  diameter,  and 
occasionally  ranging  to  three  feet,  consisting  of  granite,  quartzite,  talcose 
slate,  and  crystalline  limestone,  but  none  of  typically  Bijawar  rocks. 
Cleavage,  which  is  well  developed  in  all  the  beds  which  are  susceptible  of 
it,  is  occasionally  seen  in  the  pebbles  of  the  conglomerate,  but  is  rarely 
distinguishable  in  the  matrix. 

The  passage  from  the  Champdner  beds  to  the  gneiss  appears  to  be 
gradual,  so  much  so  that  it  is  frequently  almost  impossible  to  determine 
where  the  boundary  should  be  drawn.  Within  the  tract  occupied  by  the 
metamorphics,  quartzites  are  found,  and  a  true  conglomerate,  containing 
rolled  fragments  of  quartzite  and  very  similar  to  that  of  the  Champdner 
beds,  is  found  among  the  gneiss  west  of  Jambughora.  This  area  has  not 
as  yet  been  subjected  to  a  close  examination,  and  it  is  impossible  to  say 
whether  the  apparent  transition  is  areal  one,  or  the  result  of  the  intense 
disturbance  which  both  the  metamorphics  and  the  Champaner  beds  have 
undergone.1 

In  the  south  and  south-eastern  portion  of  the  country  west  of  the 
Ardvalli  range  there  is  a  series  of  very  ancient  eruptive  rocks,  named  after 
the  Maldni  district  of  the  Jodhpur  state.  They  consist  principally  ol  very 
silicious  felsites,  so  bard  that  they  are  not  scratched  by  quartz,  and  haw 

1  The  description  in  the  text  is  baaed  on  that  j  sifters  thnt  the  Chnmp.tner  beds,  hv  tlu-ir 
o£  Dr.  W.  T  Blanford  Wtmoti  VI,  202,  1  immnl  dimeter  nul  d  ic  r  n  U 
(IS69) Mr.  R.B.  Foote  in  a  letter  rc  mai  pbiMU  dmuM  h«  icml  '<>  th.  U 
as  this  work  is  going  through  the  prc?s  con*  rnlhci  thnn  the  transition 
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frocpicntly  the  appearance  anti  texture  of  jasper.  They  vary  greatly  in 
colour,  front  Uaek  nr  dnrk-brown  to  pink,  blue,  or  white,  the  dark-coloured 
n»cl;  bring  always  hard  and  mi.iocumpt.scd,  whilst  the  light-coloured  varie¬ 
ties  are  softer  and  appear  to  be  altered.  The  most  constant  character 
is  the  presence  of  small  crystals  of  felspar,  usually  of  a  pink  or  red -colour, 
in  addition  to  winch  small  grains  of  transparent  sihea  am  frequently 
disseminated  throughout  the  rock1.  Their  extremely  silicious  nature-  may, 
be  due  to  alteration,  but  their  porphyritic  character,  and  the  occasional 
occurrence  of  ash  beds,  sufficiently  attest  their  volcanic  origin. 

In  places  diorite  was  found  associated  with  these  rocks,  and  in  some  ' 
of  the  hills  west  of  Balmer  coarsely  crystalline  granitoid  syenite  and  peg¬ 
matite  are  intercalated  in  large  masses  with  the  porpbyritic  felsites.  True 
granite  may'  occur,  but  in  the  few  hills  examined  mica  was  absent,-  al- 1 
though  the  character  of  the  rock  was  distinctly  granitic.  The  presence  of . 
similar  granitoid  rocks  elsewhere  is  rendered  probable  by  the  occurrence 
of  pebbles  and  boulders  in  some  of  the  later  formations.  .  :  ' . 

The  Maiifni  rocks  must  be  very  ancient,  but  no  idea  can  be  formed  of 
their  geological  position,  as  they  are  nowhere  associated  with  rocks  of 
known  age,  except  where  underlying  beds  of  comparatively  recent  date, 
and  nothing  resembling  them  appears  hitherto  to  have  been  detected 
elsewhere  io  India. 

They  have  been  regarded®  as  of  lower  Viudhyan  age,  since  they  occur 
undisturbed  in  close  proximity1  to  the  highly'  disturbed  slates  and  schists 
of  the  Ardvallis.  They  have  not  as  yet  been  found  in  actual  contact  with', 
the  older  rocks,  but  small  hills  of  both  are  found  standing  up  from  the 
recent  alluvium  and  irregularly  interspersed  with  each  other,,  On  the 
other  hand,  nothing  at  all  resembling  the  Malani  felsites  Has  as  yet  been 
found  in  the  lower  Vindhyans  east  of  the  Arivaliis.  The  general  type  is 
that  of  a  much  more  ancient  rock,  and  felsites,  closely  resembling  those  of 
Jodhpur  except  that  they  are  not  porpbyritic,  are  found  in  the  Toshdm 
hill*,  dipping  at  high  angles  with  the  older  beds  of  the  Ardvalli  range. 
Besides  this,  the  unconformity  between  them  and  the  overlying  sand¬ 
stones,  which  are  regarded  as  upper  Yindhyans,  is  most  marked,  con¬ 
trasting  with  the  very  much  less  pronounced  unconformity  between  the  tower 
and  upper  Vindhyans  of  the  typical  area.  The  correlation  of  the  sand¬ 
stones  with  the  upper  Vindhyans  is,  however,  conjectural,  and  if  they 
belong  to  the  uppermost  members  of  the  system,  this  unconformity  would 
not  be  inconsistent  with  a  lowermost  Viudhyan  age  for  the  Malinis,  '  The 
age  of  these  last  must  remain  doubtful  for  the  present,  but  they'  appear 
to  belong  to  the  transition  rather  than  the  Vindhyan  rocks. 


1  W.  T,  Bkmfordj  k,  ci” 

2  Xironh,  XIV,  303,  (l88l) 


3  C.  A.  Me 


XIX,  ifi*,  (1SS6).. 
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Reference  has  just  been  made  as  to  the  doubtful  propriety  of  classing 
the  Maldni  beds  -with  the  transition  systems  and  a  similar  doubt  may 
almost  be  expressed  with  regard  to  the  Gwalior  and  Delhi  systems.  The 
former  of  these  finds  its  nearest  analogue,  as  regards  both  mineral  com¬ 
position  and  degree  of  induration,  in  the  Cuddapah  system  of  Southern 
India,  and  Mr.  Foote’s  suggestion  that  the  equivalents  of  the  Champdner 
beds  must  be  looked  for  among  the  Cuddapah  rather  than  the  Dhdnvdr 
deposits  of  Southern  India  has  been  referred  to.1  As  will  be  noticed  in  the 
next  chapter,  there  are  grounds  for  questioning  whether  the  Cuddapah 
system  should  not  be  classed  with  these,  among  the  newer  of  the  transition 
systems,  rather  than  with  the  Vindhyans,  However  this  may  be,  there 
seem  good  reasons  for  accepting  the  Delhi  and  Gwalior  systems  as  the 
newest  of  those  described  above.  Next  after  them  would  cure  the  Bijawar 
and  Behar  systems,  the  latter  being  the  older  of  the  two,  and  finally  the 
transition  rocks  of  south-west  Bengal  and  the  Dhdrwars  of  Southern 
India,  the  last  of  these  being  marked  out  as  the  oldest  by  the  greater 
degree  of  disturbance  and  metamorphism  it  has  undergone,  as  well  as  by 
the  manner  in  which  the  eroded  edges  of  its  upturned  and  metamor¬ 
phosed  strata  are  covered  by  the  nearly  horizontal  basement  beds  of  the 
Cuddapah  system. 


There  can  be  little  doubt  that  rocks  corresponding  to  the  transition 
systems  will  be  found  extensively  developed  in  the  extra-peninsular 
mountain  ranges,  but  as  yet  these  have  not  been  sufficiently  explored  to 
allow  of  their  separation  as  distinct  rock  series,  except  in  a  few  isolated 
localities. 

In  Hundes  and  Spit!  Mr.  Griesbaeh  has  separated,  under  the  name  of 
Vaikrita8,  a  series  of  beds  which  overlie  the  granitic  gneiss.  It  is  described 
as  of  great  thickness,  varyingmuch  in  lithological  composition,  composed 
principally  of  micaceous  schists,  talcose  rocks,  phyllites  and  gneiss.  The 
beds  are  now  found  Occupying  the  cores  of  highly  compressed  synclinal 
folds,  ihe  crests  of  the  intervening  anticlinals  having  been  denuded  away 
till  there  is  now  an  apparently  continuous  succession  of  strata  across  the 
folds. 

Somewhat  similar  schistose  beds  occupy  large  areas  in  the  centra!  part 
of  the  range,  and  appear  to  extend  far  towards  its  southern  margin  in 
NepM3. 

Ill  the  Darjiling  district  Mr.  Mallet  has  described  a  scries  of  beds,  said 
to  be  transitional  with  the  gneiss,  under  the  name  of  the-  Dating  scries. 
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They  consist  of  light  green,  slightly  greasy,  slates,  sometimes  interbanded 
with  a  dark  greenish  grey  kind,  passing  insensibly  into  ordinary  clay  slates 
and  more  or  less  earthy  or  silvery  according  to  the  degree  of  alteration 
they  have  undergone.  There  are  also  bands  of  quartzite  and  quartz  flags, 
occasionally  some  hornblende  schist,  sometimes  slightly  calcareous  and 
passing  into  an  impure  dolomite  containing  crystals  of,  actinolite.  ..  This  • 
is,  however,  a  tare  and  exceptional  rock,  the  most  prominent  lithological 
distinclionsbetween  these  and  the  succeeding  Baxa  series  heingthe  almost 
complete  absence  of  lime  and  the  rarity  of  the  brilliantly-coloured  alterna-  1 
tions  of  slates,1 

The  distribution  of  these  beds  is  peculiar,  and  led  to  an  erroneous  idea 
of  their  position  being  formed  in  the  first  instance.  They  Occur  along  the 
outer  (southern)  edge  of  the  g-neissic  masses  of  Darjiling  and  Daiing,  in 
tire  valley  of  the  combined  Tfstd  and  Ranjit  rivers.  They  separate  these  two 
areas  of  gneiss  and  extend  on  the  northern  side  up  each  of  the  valleys, 
dipping  inwards  towards  the  gneiss  on  all  sides,  and  the  junction  is  de¬ 
scribed  as  transitional,  except  for  a  portion  of  the  boundary  north  of  Darjil¬ 
ing,  which  is  faulted.  On  the  south  the  apparent  passage  is  somewhat 
rapid,  but  on  the  inner  sections  the  Dalings  are  more  metamorphosed,  and 
the  distinction  between  them  and  the  gneiss  snore  difficult  to  draw.  The 
form  of  the  outcrop  and  the  direction  of  the  dips  combine  to  convey  the  . 
impression  that  the  Darjiling  gneiss  lies  in  the  centre  of  a  synclinal  anrl  is 
newer  than  the  Daiing  series. 

At  the  time  the  description  was  written  a  belief  in  the  possibility  of 
regional  metamorphism,  that  is  to  say,  of  ordinary  sedimentary  rocks 
being  converted,  within  a  moderate  distance,  into  true  schists  and  gneisses, 
was  still  held  by  many  geologists,  but  the  whole  tendency  of  recent 
investigations  has  been  adverse  to  this  opinion,  and  the  opiniou  now 
prevalent  is  that  of  two  contiguous  series  of  beds  the  one  which  exhibits  ' 
the  greatest  degree  of  metamorphism  is  primA  facie  the  older.  Added 
to  this,  the  apparent  dip  of  newer  beds  under  older  is  a  common  feature 
of  HimSiayan  sections,  and  when’ we  find  that  the  apparent  relation  of  the 
gneiss  to  the  Dalings  is  the  same  as  of  these  to  the  Damudas,  and  again 
of  the  Darn  u  das  to  the  tertiaries,  it  is  impossible  to  escape  the  belief  that 
the  true  sequence  is  the  reverse  of  the  apparent  one. 

XI,  40,(1874;. 
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The  rock?  of  ibc  Cuddapah  system  occupy  a  large  area  about  the  ’  I 
middle  of  the  east  side  of  the  I’ciiiusida,  where  the  coast  line  bends  from  — 
a  northerly  lo  u  north-easterly  direction.  This  feature  is  probably  cr>»-  ' 
neclcd  with  the  form  of  the  Cuddapah  basin,  which  is  of  a  roughly 
crescent  shape,  convex  !o  the'  west.  The  north-east  horn  of  the  crescent 
is  known  as  the  I  alndd,  and  peaches  to  Jaggayyapct,  a  fen  miles  north 
of  the  Kistna  river  ;  the  southern  termination  at  Tirupali  (Tripetty)  hill 
is  30  miles  north-west  of  Madras,  or  only  18  if  measured  to  the  outlier  at 
Ndgari  Nose.  The  town  of  Cuddapah  stands  in  a  south-central  position 
near  the  Penner  river.  Karntti  is  on  the  northern  edge  and,  further  south* 

Gootv  is  just  outside  the  western  border,  at  its  centre.  The  length  of  the  . 
basin  is  about  210  miles  and  its  width  95,  the  area  being  nearly  13,500 
square  miles. 

The  eastern  edge  of  the  basin  constitutes  a  well-defined  segment  of 
that  vaguely  expressed  genera!  feature  known  as  the  Eastern  Ghats. 

The  actual  face  of  the  highlands  is  locally  known  as  the  Yellakonda 
ridge.  It  is  a  flanking  member  of  the  Nallaraalai  range,  which  is  formed  ■ 
by  a  belt  of  contortion  of  the  Cuddapah  rocks  along  this  side  of  their  basin. 
Between  the  hills  and  the  sea  there  is  a  rone  of  low  country,  formed  of 
metamorphic  rocks  and  alluvium,  about  50  miles  wide,  constituting  the  ' 
plains  of  the  Carnatic,  or  Payan  Ghat  (country'  below  the  Ghdtsj,  in  the 
Guntur,  Nellore,  and  North  Arcot  districts.  The  elevation  of  this  ground  • 
at  the  base  of  the  hills  is  under  200  feet,  the  crest  of  the  Yellakonda  rising 
to  about  i,ooo,  and  the  summits  of  the  Nallamalai  to  3,300.  The  centre  of 
the  Cuddapah  basin  is  occupied  by  the  broad  valley  of  the  Kundair,  the 
rocks  rising  again  to  form  a  steep  range  along  the  western  margin  of 
the  basin,  2,000  feet  above  the  sea  and  overlooking  the  gneissic  upland 
of  Mysore  and  Beilary,  the  elevation  of  whicli  near  the  range  varies 
from  800  to  1,800  feet.  The  Madras  railway  enters  the  basin  at  Gooty 
and  leaves  it  at  the  southern  point  of  the  crescent,  while  the  Kistna 
river  adopts  a  very  similar  course  in  the  northern  limb.  The  watershed 
of  the  basin  lies  far  to  the  north,  and  the  Penner  receives  most  of  the ' 
drainage. 

More  than  a  third  of  the  area,  within  the  boundaries  indicated,  is  taken 
up  by  the  overlying  Karniil  series,  which  occupies  all  the  low  ground  of 
the  Kundair  valley  in  the  middle  of  the  basin  and  another  large  space 
in  the  Pain  ad,  ,  ■ 

The  Cuddapah  formation  has  been  divided  into  the  following  groups1 

{Quartans  (StEhalam),  ■  •  - 

l&stna  group,  2,000  feet  .  .  . .  -  .  q Slates  (Kalatnnala).  . 

^Quartzites  (Irlakiiuia). 

•„  r„  ,  0 States  (Cumburo),  . 

gto  p.  3400  feet  ,  .  •  {QuarUites  fBaimikoiida), 
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Cheyair  group,  10,500  feet  . 
PSpaghni  group,  4,500  feet 


{  Slates  (Pullanvpet). 

'I  Quartzites  (Nagari). 
Slates  (Vempalli). 
Quartzites  (Gulcheru). 


The  groups  are  all  more  or  less  unconformable  to  each  other,  and  all  in 
turn  overlap  the  others  and  rest  directly  on  the  gneiss,  but  there  is  so 
marked  a  unity  of  character  running  through  all  that  it  is  necessary  to 
regard  them  as  a  single  system. 


The  distribution  of  these  groups  relieves  us  in  some  measure  of  the 
enormous  aggregate  thickness  of  20,000  feet  given  in  the  list.  Although 
the  succession  may  be  taken  strictly  in  order  of  time,  it  is  scarcely  to  be 
supposed  that  there  was  ever  at  one  spot  a  continuous  superposition  of 
these  strata  to  the  extent  of  their  aggregate  thickness.  Even  within  the 
present  rock-basin,  which  must  be  taken  as  only  a  part  of  the  area  of  deposi¬ 
tion,  the  groups  are  local  and  discontinuous,  each  in  turn  overlapping  the 
one  below  it  and  resting  on  the  gneiss.  In  each  case,  however,  there  is 
more  or  less  of  denudation-unconformity,  as  well  as  overlap,  so  that  the 
groups  are.  much  more  than  mere  horizons  of  variation  in  deposition. 

1  he  original  characters  of  deposition,  and  the  induced  characters  of 
disturbance,  are  closely  related  to  the  actual  boundaries  of  the  field.  All 
round  the  western  boundary  the  junction  is  natural,  and.  the  deposits 
rest  as  originally  laid  down  upon  the  gneiss,  the  strata  having  undergone 
comparatively  little  disturbance.  On  the  east  side  of  the  basin,  on  the 
contrary,  there  has  been  much  contortion  of  the  strata,  the  boundary  is 
represented  as  faulted  and  the  beds  often  inverted.  The  lower  groups 
are  found  to  the  south-west,  and  are  gradually  overlapped  to  the  north 


In  each  of  the  groups  of  the  Cuddapah  series  sandstones  or  quartzites 
prevail  at  the  base  and  earthy  deposits  forming  shales  or  slates  above, 
limestones  often  occurring  with  the  latter.  The  Pdpaghni  group  is  only 
found  between  the  Tungabhadra  and  the  Cheyair,  being  overlapped  in  both 
directions  by  the  Cheyair  beds.  It  takes  its  name  from  the  river,  in  the 
gorge  of  which  the  best  sections  are  seen.  Its  bottom  member,  the  Gul¬ 
cheru  quartzite,  rests  upon  an  uneven  surface  of  the  gneiss,  and  rises  up 
to  the  west  to  form  steep  cliffs,  over  an  undercliff  of  the  crystalline  rock. 
Although  the  contact  is  quite  sharp  the  two  rocks  are  often  connected 
together  into  an  adhering  mass.  A  considerable  thickness  at  the  base  is 
coarsely  conglomeratic,  the  pebbles  consisting  of  the  brecciated  veinstones 
and  banded  jasper-rocks,  which  form  prominent  outcrops  in  the  adjoining 
metamorphic  area,  but  no  pebbles  of  gneiss  or  granite  were  found  except 
at  one  spot.1  These  bottom  beds  arc  described  as  shore  deposits. 

In  the  Vempalli  subdivision  of  the  Pdpaghni  group  limestone  is 
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is  known  to  occur  higher  in  the  formation,  or  in  the  Karnuls,  and  this 
could  hardly  be  the  case  if  the  massive  bands  in  the  Tadputri  zone  were 
intruded  after  the  completion  of  the  sedimentary  series. 

In  this  group  there  are,  associated  with  the  traps,  porcellanic  beds  re¬ 
sembling  those  of  the  Gwalior  system.  They  have  been  regarded  as  of 
volcanic  origin,  but  there  is  a  great  difficulty  in  supposing  so  highly  silicious 
an  ash  could  be  produced  by  the  same  series  of  eruptions  as  gave  birth  to 
the  unmistakeable  igneous  rocks  in  the  section.  They  do  not  in  any  way 
resemble  any  known  product  of  volcanic  activity  and  their  associations  with 
the  lava  flows  is  probably  fortuitous. 

In  the  Cheyair  area  the  Pullampet  slates  and  limestones  represent  the 
1  ddputri  beds  of  the  Penner,  The  traps  and  porcellanic  beds  are  absent. 
The  limestones  are  again  silicious,  and  sometimes  they  are  brecciated  in  a 
very  unaccountable  manner,  without  any  disturbance  of  the  strata.  Some 
beds  present  a  rugged  humpy  surface,  suggestive  of  a  coralline  formation, 
but  no  organic  structure  has  been  detected. 

The  Nallamalai  occupies  a  larger  area  than  the  other  groups,  principally 
on  the  east  side  of  the  basin,  and  takes  its  name  from  the  range.  The 
Bairenkonda  summit,  3,500  feet  above  the  sea,  gives  its  natne'to  the  bottom 
band  of  quartzites.  In  the  Pdlkonda  range,  east  of  Cuddapah,  these 
quartzites  rest  with  slight  unconformity  upon  the  Cheyair  group.  In  the 
Penner  area  the  strong  quartzites  of  the  Gondicotta  hills,  overlying  the 
Tadputri  shales,  are  on  the  same  horizon.  Here  the  beds  have  a  gentle 
north-easterly  slope  and  pass  under  the  Karnul  formation,  but  when  they 
rise  again  to  the  east,  in  the  Nallamalai,  contortion  is  the  rule,  often  to  so 
extreme  a  degree  as  to  produce  folded  flexures  and  inversion.  In  the 
synclinal  troughs  of  these  contortions  the  upper  member  of  the  group, 
called  the  Cumbum  slates,  is  found,  the  underlying  quartzites  rising  up  to 
form  the  ridges. 

The  Cumbum  slates  are  by  far  the  thickest  member  of  the  group,  and 
cover  the  greater  part  of  the  area.  They  are  not  very  uniform  in  compo¬ 
sition.  There  are  several  subordinate  bands  of  quartzite,  which  it  is  not 
easy  in  broken  ground  to  distinguish  from  the  underlying  Bairenkonda 
rock,  and  the  slates  themselves  present  many  varieties,  from  fine,  silvery, 
talcose  beds  to  coarse,  earthy  clay  slates,  of  many  shades  of  colour.  Occa¬ 
sionally  they  are  foliated  and  schistose,  and  not  easily  distinguished  from 
the  schistose  beds  of  the  adjoining  gncissic  area,  when  the  two  happen  to 
come  in  contact.  As  a  rule,  however,  quartzites  are  found  at  the  junction. 
Strong  bands  of  limestone  are  frequent  in  the  Cumbum  slates.  It  is  generally 
compact  or  finely  crystalline,  micaceous  or  talcose,  of  a  .-late  grey  colour, 
with  purple  tinges.  The  old  lead  mines  near  Nandidlumpet,  ifi  miles  north 
of  Cuddapah,  occur  in  a  dark  silicious  variety  of  this  rook.. 

At  the  north  end  of  the  Nallamalai,  just -south  of  the  Kannil  and  Guntur 


r-,!  r,»jit)c,v  of  v;mii~-aiuMVAn  .\m  vinwivan.  [Ofiap,  I?. 

ibcro  Fa  great  dome-shaped  mountain  known  as  Eshwarakupam.  It 
• ,  t,i  ini'Ct  EtuiJafnli  n>tlre  dipping  away  from  the  Wit  on  all 

sMos,  amt  surrounded  by  jNalkmaki  bwR  A  groat  thickness  of  strata  is/ 
exposed,  bat  it  is  not:  wy  to  identify  them  specifically  with  the  groups 
already  rlrsmbud. 

The,  uiai.r.-Hi  through  which  the  Ki.stna  has  cut  its  gorge,  known  as  the 
Kistiia  Niillamaiai,  is  formed  of  beds  higher  (h;tn  Hie  Nallamaki  group  and 
uncmdormaldc  to  it,  These  beds  are  therefore  distinguished  as  the  Kistna 
■  o'onp.  They  comprise  three  well-marked  divisions  ;  the  frlakouda  quart¬ 
zites,  forming  the  plateau  of  that  name  on  the  tyesl,  where  they  arc 
1,300  feet  thick;  the  Shrishalam  quartzites,  forming  a  higher  plateau 
fo  tin;  north  and  east,  called  after  a  well-known  shrine  on  the  Kistna; 
and  the  intermediate  shales,  which  are  called  Kokmuata,  after  a  stream 
that  traverses  them.  To  the  north  the  group  spreads  out  over  a  flat 
surface  of  gneiss,  and  to  the  east  it  passes  under  the  K arm'd  beds  of 
the  Pal  add,  in  which  region  the  rocks  are,  again,  intensely  disturbed  on 
the  cast.  This  group  is  supposed  to  be  also  represented  further  south  in 
the  Nallamalai,  but  the  evidence  is  not  decisive. 

fa  the  south  Mardthd  country,  on  the  southern  border  of  the  great  ares 
occupied  by  the  Deccan  trap,  and  in  great  part  separating  the  trap-region  ' 
from  the  gneissic  area  of  Mysore,  there  is  a  basin  of  somewhat  'similar 
ricks  named  after  the  town  of  Kalhlgi’,  which  lies  near  its  eastern  end.  Its 
peculiar  position  is  in  a  manner  accidental,  for  it  is  certain  that  the  whole 
of  this  basin  was  once  overspread  by  the  trap,  which  still  stretches  con¬ 
tinuously  along  the  crest  of  the  Sahyadrl  for  some  distance  to  the  south,  and 
elsewhere  outliers  of  trap  are  found  resting  on  the  gneiss.  The  strata 
rest  with  total  unconformity  on  the  crystallines,  quite  unaffected  by  meta¬ 
morphism,  and  arc  considered  to  belong  to  the  Cuddapah  system  on  the 
strength  of  a  general  resemblance  in  lithological  character,  although  the 
particular  sub-divisions  of  the  Cuddapah  area  cannot  be  recognised. 

From  the  Kistna,  below  its  confluence  with  the  Gatparha,  the  Kaiadgi 
rocks  stretch  continuously  westward  for  more  than  soo  miles  and  then 
disappear  under  the  trap  forming  the  crest  of  the  Sahyddri.  In  this  dir.ee- 
iion  several  inhere  are  exposed  by  the  local  removal  of  the  basaltic  cover¬ 
ing,  the  largest  of  which,  at  the  foot  of  the  PhondaGhdt,  in  the  Konkan,  is 
probably  continuous  with  the  main  basin.  On  the  north  there  is  a  large 
infer  at  Jamkbandi.  In  all  of  these  infers,  however,  only  thte  lower  beds 
occur,  so  it  is  probable  that  the  formation  does  not  extend  far  beneath  the 
trap.  On  the  south  borders  of  the  basin  there  are  numerous  outliers  of 
the  bottom  quartzites  resting  on  the  gneiss,  both  on  the  uplands  of  the 
!  R.  B.  Foote,  Memoirs,  XII,  70.  (1876), 
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Deccan  and  in  the  K011  Ion.  The  Vengurla  rocks  and  other  small  islands 
off  the  coast  all  consist  of  the  very  hard  rocks  belonging  to  the  quartzite 
series.  The  former  continuity  of  all  these  patches  of  rock  cannot  by  any 
means  be  asserted,  for  it  is  evident  that  the  deposits  took  place  upon  a 
very  uneven  surface  of  the  crystallines,  of  which  there  are  extensive  inliers 
within  the  main  basin,  as  at  Gokdk. 

The  series  is  divisible  as  follows1: — 

Upper  Kaladgi. 

6,  Shales,  limestones  and  hasmatite-schists  »  .  .  2,000  feet 

5,  Quartzites,  local  conglomerates,  and  breccias  .  1,200^1,800 

Lower  Kaladgi. 

4,  Limestones,  clays,  and  shales  ,  ,  .  .  5,000-  -0,ooo 

3.  Sandstones  and  shales  .  .  .  . 

2*  Silicioas  limestones,  hornstones,  or  cherty  breccias  >  3,000 — 5,000 
1.  Quartzites,  conglomerates,  and  sandstones  .  .  J 

The  bottom  conglomeratic  rocks  are  made  up  of  the  debris  of  the  ad¬ 
joining  crystallines,  and  vary  with  the  composition  of  the  latter.  They 
generally  slope  up  towards  the  boundary  of  the  area  and  form  a  scarp  over 
a  basement  of  gneiss.  The  cherty  breccias  form  the  most  peculiar  and 
conspicuous  member  of  this  part  of  the  series.  Mr.  Foote  suggests,  with 
much  probability,  that  they  are  formed  by  the  decomposition  and  crushing 
of  the  highly  silicious  limestones  that  occur  on  the  same  horizon.  A 
large  proportion  of  the  total  area,  forming  a  continuous  margin  to  the  basin, 
very  wide  on  the  south,  and  including  all  the  outliers,  is  formed  of  the  lower 
members  (Nos.  1,  2,  3)  of  the  series,  and  in  this  position  the  rocksare  very 
little  disturbed,  and  scarcely  at  all  altered.. 

The  limestones  and  shales  forming  the  fourth  division  of  the  Kalddgi 
series  are  only  found  in  a  special  basin  of  depression  and  contortion  on 
the  north-east  side  of  the  area.  They  generally  occupy  low  ground  and 
are  much  concealed,  but  may  be  fairly  seen  about  the  town  of  Kaladgi, 
exhibiting  much  disturbance.  Several  varieties  of  the  rock  are  very  homo¬ 
geneous  in  texture  and  variously  tinted,  making  pretty  marble, 

The  only  remnants  of  the  upper  Kalddgi  group  are  found  in  the  axes  of 
synclinal  flexures  within  this  special  basin,  their  preservation  being  evi¬ 
dently  due  to  their  being  thus  let  in  and  encased  by  the  folding  of  the 
whole  series,  so  that  the  maximum  of  disturbance  and  of  metamorphism  is 
exhibited  in  these  remains  of  the  topmost  beds  of  the  format'on.  The 
principal  of  these  elliptical  synclinal  areas  of  the  upper  groups  arc  all  within 
a  short  distance  of  Kaladgi.  The  direction  of  the  axes  of  disturbance  is  very 
steady  between  west  by  north  and  west-north-west.  This  is  also  (he 
direction  of  the  major  axis  of  the  basin  itself,  in  which  all  the  special 
Mrmoirt,  XII,  71,  (187ft. 
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•  ‘('•iif mli<m  nrj-mu  to  have  !:<"■  rr  <•.,<>.  '-ntr-tM  on  tlw  witlh  side,  abng  wfrat  is 
nuiv  ihr  lower  valley  ol  f  he  GnJjjftiha. 

<  Mir  f>mr  <  *.sf  iriti-n-'IV!;  lori;  have  hc'-n  observed  in  the  Kaldilgi 
»rc,i,  and  id!  in  the  r-pbm  el  db>Uu  biiine,  in  {in  highest  beds  ;  throe  in  tire 
l.nknpur  basin,  and  mu:  in  un:  Arakerc  •  ynclin.-d  valley,  They  are  of  conr- 
prut.  preen  dhrrite,  unlike  the  old):!  (Iksrsies  of  the  gw.hsalc  area. 


The  rocks  of  the  KurintI  series  lie  almost  entirely  within  the  basin 
ef  the  Cmlilatiali  system,  where  they  are  found  iu  two  separate  areas,  the 
larger  of  winch  occupies  the  whole  of  (he  Kundair  valley  and  stretches  to 
beyond  the  Kistna,  while  the  other  lies  in  the  db-fiict  known  as  !he  PalnArt, 
The  series  has  lu-re  a  total  thickness  of  only  j;20q  feci,  less  than  that  Of 
the  smallest  group  of  the  Cnddapalis,  and  might  be  regarded  as  a  member 
nf  that  system,  a  view  which  3mr.  been  urged3  on  the  ground'  that  the 
li-KOnformity  between  the  two  is  not  much  greater  than  those  between  the 
different  sub-divisions  of  the  older  system,  and  that  on  the  east  side  of  the 
basin  the  Karim!  series  lias  felt  the  full  effects  of  the  disturbance  which  they' 
have  undergone. 

Such  was  not  the  opinion  of  the  actual  observers,  who  described  the  un¬ 
conformity  between  theCuddapnli  system  and  the  Karnu!  beds  as  sufficient  to 


Fig.  S-  Sketch  seciion  illustrating  liic  relation  of  Cucidr.pah  and  Karnu!  rocks,  after  King. 

justify  the  separation  of  the  latter.®  This  claim  is  strengthened  by  the  oc¬ 
currence  of  an  outcrop  of  beds,  referred  to  the  Karnul  series,  under  the  edge 
of  the  Deccan  trap  plateau  in  the  valley  of  the  Bhta£  river.  Although  the 
westernmost  point  of  this  basin  is  separated  by  only  8  miles  from  the 
boundary  o£  the  KaWdgi  area  of  Ouddapah  rocks,  and  though  each  basin  ig 
over  loo  miles  in  length,  yet  no  representative  of  any  of  the  rocks  found  in 
the  one  has  been  recognised  in  the  other.  If  the  reference  of  the  rocks 
ol  one  area  to  the  Cuddapah  system  and  the  other  to  the  Karmil  series,  on 
the  strength  of  general  petrographies!  resemblances,  is  to  be  trusted,  this 
indicates  a  change  in  the  areas  of  deposition  of  the  two  periods  sufficient 
1.0  justify  the  separation  of  the  rocks  formed  in  each. 


innacled  quartzites, 
[ateau  quartzites. 
iHles  (Auk), 
imestones  fNarji). 


'  sandstones!  generally  coarse,  often 
inous,  and  usually  of  dark  shades  of 
beds  are  frequent,  the  pebbles  being, 
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bi-ds,  ,-,mi  tlx  rock  i»  r.uv,  murk  nu-d  h<i  Smiidjng,  Im-ge  quarries  laying 
li  .nojom'!  «>  it  tin  tcihr.ii  svi  i)n  village  of  M.ujs,  bj  .il.dh  name  tlx 
Mono  i>;  known.  \Y<  'J.  of  ilrinaganpalii  lltc  Nnrji  limestone  is  about  400 
f (./•(,  illicit.  Iitti  thins  out  bulk  !0  the  south  nui}  north.  In  tile  Rdlobdr 
ijnjlq  nixmt  Knrnui,  <1  jesA  on  the  nmtainor phie  rocks,  where  it  becomes 
ctv'riy  and  hreeei;U.i'd  in  ?  peculiar  manner  and  is  described  as  a  shore 

Between  the  open  Kriudnir  valley  arid  the  western  ranges,  or  Yd- 
jnm;t!a,  ill  ere  are  in  the  Kasmi!  district  wise  Imv  flat  hills,  t>»t:h'a«  the 
plalcnux  of  Up  dpdd  mxi  IVdnlla.  ‘tin  s<*  low  p!at<-iu\  are  coin]  osed 
of  a  sandstone  or  quarlrite,  local iy  intercalated  in  the  KarntiS  lime- 
stones  and  known  (is  the  Banians  group,  after  the  town  of  that  name. 
Tito  greatest,  thickness  of  the  quartzites  is  only  too  feet,  and  the  group 
disappears  altogether  to  the  north  and  smith,  nor  has  any  sign  of  it -Von 
observed  on  the  eastern  edge  of  the  basin.  An  upper  portion,  formed  of 
firm  while  sandstone,  las  been  distinguished  its  l he  f  pinnacled  quartettes’ 
from  its  mode  oi  weathering,  the  lower  bed?,  or  '  platoon  quartzites,'  are 
coarser,  more  eaithy  and  ferruginous,  of  various  rusty  tints. 

hi  n  basin  of  slightly  disturbed  strata  the  uppermost  group  must  cover 
the  largest  area,  mid  so  the  .Kimrlair  beds  occupy  the  whole  valley  of  the 
Kundair,  Thera  is  a  thickness  of  500  to  Coo  feet  The  upper  -two-thirds 
of  purple  calcareous  shales  and  earthy  limestones,  distinguished  as  the 
N.mdidi  shales  after  a  large  village  of  that  name,  pass  insensibly  down 
into  purer,  compact  and  crypto-crystalline,  flaggy  limestones,  kftoivn  as 
the  Koil  Kuutla  band,  from  a  town  10  miles  south-east  of  Banaganpalii,  in 
which  small  papillm  resembling  casts  of  Cf  fin's,  ami  numerous  discoidal 
markings  of  half  an  inch  to  two  inches  in  diameter  are  found.’  The  town 
of  Cnddapah  and  all  the  large  villages  in  the  centre  of  the  valley  are  on. 
the  NandWl  shales.  Fn  this  position  the  rock  is  soft  and  crumbling,  but 
to  the  south  and  east,  on  the  margin  of  the  mountain  region,  these  upper¬ 
most  beds  of  the  whole  sedimentary  basin  are  quite  slaty,  being  cleaved 
and  contorted  proportionally  with  the  underlying  formations.  The  litholo¬ 
gical  character  of  this  group,  as  in  some  of  the  Cuddapah  groups,  changes 
to  the  north-west,  and  in  the  proximity  of  the  tnetamorphics-  the  Koil 
Kuntla  beds  are  described  ns  shore-deposits,  which  never  extended  much 
beyond  their  present  boundary. 

in  the  Palnld  there  is  a  large  exposure  of  limestones  which  are  be¬ 
lieved  to  be  of  Karnul  age,  and  even  the  sub  divisions  have  been  in  a  manner 
specifically  recognised  in  the  south-west  part  of  the  ground,*  The  limestone 
is  underlaid  by  a  diamond-bearing  sandstone,  which  has  consequently- 
been  supposed  to  represent  the  Banaganpalii  rock.  In  the  Palnad  country, 
however,  there  is  great  difficulty  in  distinguishing  this  rock  from  a  closely 

>  tt'reeijs,  VIU,  46,  ftSja).  |  »  Zffoiox.sVin,  107(1873).' 
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associated  sandstone,  clearly  belonging  to  the  Cuddapahs,  but  of  the  Kistna 
group  at  the  very  top  of  the  Cuddapah  series  and  several  thousand  feet 
higher,  stratigraphically,  than  are  the  beds  of  the  Cheyair  group  underlying 
the  diamond  sandstone  of  Banaganpalli ;  such  at  least  is  the  position  made 
out  for  the  bottom  sandstone  on  the  south-west  of  the  Paindd,  towards  the 
expanding  rock-basin.  On  this  side,  too,  some  slight  unconformity  has 
been  pointed  out  between  the  Palnad  limestone  and  successive  masses  of 
the  sandstone,  and  it  has  been  remarked  that  the  diamond  workings  here 
are  confined  to  the  rock  close  under  the  limestone,  so  as  to  suggest  the 
limitat  ion  of  diamonds  to  the  horizon  of  the  Banaganpalli  group.  All  round 
the  north-east  corner  of  the  basin,  however,  this  sandstone,  there  known 
as  the  Jaggayyapel  quartzite,  rests  directly  upon  the  gneiss. 

The  leading  structural  character  of  the  Cuddapah  basin  is  maintained  in 
the  Pain  id.  On  the  west  side  the  strata  are  comparatively  undisturbed, 
while  on  the  east  border  they  are  cleaved,  foliated,  and  contorted,  and 
appear  to  be  overlaid  by  a  natural  ascending  sequence  of  shales,  lime¬ 
stones  and  quartzites,  above  what  have  been  described  as  the  Palnid 
limestones,  and  so  these  upper  rocks  would  be  newer  members  of  the 
Karnul  formation.  According  to  another,  more  probable,  view  this  sequence 
is  deceptive,  being  due  to  total  inversion  of  the  strata,  the  top  quartzite 
being  really  a  Cuddapah  rock. 


On  the  north-western  border  of  the  Cuddapah  basin  the  Karnul  deposits 
are  described  as  overlapping  the  formations  upon  which,  for  the  most  part, 
they  rest,  and  lying  upon  the  gneiss  for  a  short  distance  up  the  Kistna 
val  ley.  Seventy-five  miles  further  in  this  north-westerly  direction  there 
is  another  area  of  rocks,  having  a  strong  likeness  to  the  Karnul  deposits, 
and  resting  throughout  their  entire  south-east  border,  for  a  distance  of 
more  than  loo  miles,  immediately  upon  the  gneiss,  while  along  their 
entire  north-western  border  they  are  covered  by  the  Deccan  trap.  The 
width  of  the  basin  thus  exposed  is  exceedingly  variable,  both  bound¬ 
aries  being  very  irregular  in  outline.  It  is  greatest,  about  25  miles,  where 
the  Bhxmd  river  crosses  the  outcrop  nearly  at  its  middle,  and  from  this 
circumstance  the  name  of  the  river  has  been  taken  for  the  local  designa¬ 
tion  of  the  rock  basin.1 

The  Bhfmd  series  is  mainly  a  limestone  forma: ion  which  has  been  divid¬ 
ed  as  follows  in  the  central  portion  of  the  basin  * 

Upper. 

(j)  Red  calcareous  shales  ......  30  feet, 

if)  Flaggy  limestone  beds  ...... 

to  Bull  shales  .  .  •  •  •  •  • 

f  *  J/fwii,  XII,  160,  (n 7 .‘I. 
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were  obtained  from  any  of  the  Bhfm2  rocks.  Mr.  Foote  speaks  of  the 
limestones  as  a  pelagic  formation,  and  remarks  that  there  is  a  good  deal 
to  suggest  that  they  were  once  continuous  with  the  like  rocks  of  the 
Karnul  area,  and  that  they  have  been  separated  only  by  denudation. 


North  of  the  Kistna  some  outliers  of  highly  disturbed  quartzites  and  inter- 
bedded  limestones  have  been  recognised  as  belonging  to  the  Cuddapah 
system1,  and  north  of  these  a  large  spread  of  Cuddapahs,  originally 
described s  as  the  Pakhal  series,  extends  up  the  Goddvari  valley. 

In  the  hills  east  of  the  Goddvari  at  Albaka  the  series  is  described  as 
consisting  of  two  well-marked  members,  namely,  a  more  or  less  slaty 
division,  with  many  strong  bands  of  altered  arenaceous  beds,  and  at 
least  two  banchKof  limestone,  best  exposed  near  Pakhal ;  and  an  upper 
division  which  is  more  generally  arenaceous  in  its  composition.  The 
thicknesses  of  the  divisions,  where  best  developed,  may  be  reckoned  as _ 


2,  Albaka  division  .  ......  2,500  feet. 

1.  Pakhal  division  .......  5,000  „ 


Near  Pakhal  the  lower  division  can  be  divided  into  sub-groups  as 
follows 

5,  A  slaty  band  with  thick  seams  of  quartzite  sandstone  .  3,600  feet. 

4.  Grey  and  fawn-coloured  siticious  limestones  .  ,  300  „ 


3.  Clay  slates  and  quartzites  ...  .  .  500  „ 

2,  Silicious  limestone  .......  T50 

1.  Quartzites,  with  a. few  slates  .....  700  „ 


These  sub-groups  are  not  constant  and  overlap  each  other.  The  lowest 
beds  are  frequently  conglomeratic  and  at  times  pass  into  strong  conglo¬ 
merates,  which  rest  unconformably  on  the  gneiss.  The  upper  division, 
more  fully  represented  east  of  the  Godavari  in  the  hills  which  run  parallel 
to  the  river  and  touch  it  at  Albaka,  is  described  as  essentially  a  sandstone 
and  quartzite  formation, 

The  Pakhal  outcrop  extends  in  a  north-west  direction  to  the  Manor 
river,  a  short  way  beyond  which  it  is  abruptly  cut  off  by  a  fault.  The 
rocks  become  gradually  less  indurated  in  this  direction,  the  shaly  beds 
finer  in  grain,  and  the  limestones  less  prominent.  In  the  Maner  valley 
the  shales,  fine  in  texture,  green  and  purple  in  colour,  and  much  banded 
with  thin  calcareous  seams,  closely  resemble  those  of  the  Cheyair  group. 

On  the  east  side  of  the  Godavari  there  is  another  large  area  extend¬ 
ing  from  about  10  miles  south-east  cf  Albaka  for  over  100  miles  to  the 
north-west.  fn  this  exposure  the  upper  arenaceous  beds  are  largely  de¬ 
veloped,  but  there  appears  to  be  a  slight  unconformity  in  the  cliff  sec  lions 

I  gem*,  XVIII,  20,  (1685).  |  *  W.  King,  M.mms,  XVIII,  209.  (iSS,.)- 
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In  the  degree  and  nature  of  the  disturbance  they  have  been  subjected 
to,  the  Pakhal  beds  resemble  the  Cuddapahs.  Lying  at  low  and  gentle 
dips  throughout  the  western  portion  of  the  area  they  occupy,  they  are  com¬ 
pressed  and  folded  at  high  angles  about  their  eastern  limit  in  the  neigh¬ 
bourhood  of  the  Singareni  coal-field. 


The  Cuddapah  beds  have  been  recognised  in  Bastdr  territory,  where  the 
Indrawatf  river,  at  Chitarkot,  falls  over  quartzites  that  rest  horizontally  on 
the  gneiss.  They  are  overlaid  by  limestones  and  red  shales,  which  over¬ 
lap  on  to  the  gneiss  and  are  overlaid  by  a  yet  higher  series  of  quartzite 
sandstones.  The  country  has  not  been  examined  in  detail,  and  it  is  not  yet 
certain  whether  the  latter  belong  to  the  Cuddapahs  or  to  the  overlying 
unconformable  Sullavai  series.1 

Further  north  Dr.  Ball  recognised  the  same  beds  on  the  plateau 
south  of  Tarnot,8  and  they  spread  out  and  occupy  a  large  area  of  the 
MahSnadf  valley  in  Chhatlsgarh,  where  they  have  been  regarded  by 
observers  working  from  the  north  as  Vindliyan.  They  are  described  as 
consisting  of  a  lower  group,  composed  principally  of  quartzitic  sandstones 
at  times  pebbly  or  even  conglomeratic  at  the  base,  and  an  upper  group 
of  limestones  and  shales.®  The  shales  are  nearly  always  of  a  red  purple 
colour,  very  rarely  green  or  dirty  grey,  the  limestones  are  fawn-coloured, 
grey  or  even  black,  sometimes  pink  or  pale  reddish  purple,  thick-bedded, 
compact,  splintery  or  slialy  in  composition,  graduating  Into  shale,  often 
seamed  with  chert  bands.  These  beds,  which  were  recognised  in  1S66 
by  Dr.  Blanford  as  very  similar  to  the  Pengangd  beds,  occupy  the 
centre  of  the  basin  and  lie  with  easy  rolling  dips,  the  underlying  sand¬ 
stone  band  forming  a  margin  round  the  outcrop,  where  it  is  often  turned 
up  at  high  angles. 

The  evidence  for  classing  these  with  the  Cuddapahs  is  not  at  present  as 
good  as  in  the  case  of  the  Pakhals,  seeing  that  the  intervening  ground  has 
been  only  cursorily  visited,  but  the  general  resemblance  is  close,  and  cer¬ 
tainly  much  closer  than  to  the  rocks  of  the  overlying  Sullavai  scries,  which 
must  now  be  noticed. 


Besides  the  beds  of  Cuddapah  age  Dr.  King  recognised,  in  the  Goddvari 
valley,  a  series,  unconformable  to  the  Pakhals,  which  he  called  the  Sullavai 
series,4  They  consist  typically  of  a  massive  quartzite  sandstone  and  con¬ 
glomerate  with  a  few  slaty  beds,  overlaid  by  generally  salmon  or  chocolate 
coloured  sandstones,  and  capped  by  a  strong  scries  of  thin  and  (hick- 
bedded,  very  pebbly  and  gravelly,  quartzites  or  indurated  sandstom-s,  which 
weather  in  the  peculiar  and  picturesque  manner  characteristic  of  tin.-  pin¬ 
nacled  quartzites  of  the  Karndl  series  in  its  typical  area. 

1  Memoirs,  XVIII,  £24,  (j8Si).  |  *  R, -coeds,  -Will,  17/i,  (irf-.M. 

*  Records,  X,  174.  (1877).  *  X  V 1 11,  ti.-st). 


'Mu  thickness  of  flic  r."tic<)  where  best  developed  in  the  Dewaimart 
hills  arnl  in  the  w-sUnr,  ..mierup  near  K-lpra.  are  stated  to  be~* 
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‘Hie  unconformity  of  the  Snllnv&is  on  the  Pakhals  is  indicate)  by  both 
overstep  u«fl  overlap,  j-r-.t  op  the  whole  there  is  a  remarkable  parallelism 
of  dip  between  file  two  near  Suliavai  itself.  Some  sections  are,  however, 
recorded  where  the  Suilavai  sandsiones  rest  almost  horizontally  on  the 
eroded  edges  of  She  nearly  vertical  Pakbal  slates  and  quartzites. 

These  Suilavai  beds,  wove  recognised  in  the  bills  near  Dewalmari  and 
flic  observation  is  important,  as  the  sumistorH*.  of  these  hills  had  already* 
been  identified  with  that  of  t.bo  exposures,  regarded  as  of  Vindhyan  age, . 
east  of  f  be  WardhS  valley  coal-held  Aoc  c.dhig  tn  lit  Lmuford  thf-c  art 
white  and  purplish  quartzite  sandstones,  breaking' with  a  distinct  conchoi* 
dal  fracture,  and,  in  the  great  exposure  extending  from  Chsmtlr  to  Mulj 
they  arc  associated  with  a  more  or  less  fclspathic  coarse  grit,  which 
decomposes  into  a  very  soft  rock,  -easily  mistaken  for  Damuda  sandstone. 


There  is  a  much  wider  and  more  distinct  barrier  between  the  great  nor¬ 
thern  Vindhyan  basin  and  the  Chhaf fsgarh,  or  tipper  Mahanadf  area,  than 
between  the  latter  and  any  of  Use  affiliated  rocks  to  the  south.  The  ridge  of- 
guciss  which,  to  the  west,  forms  the  well-raised  base  of  the  basaltic  plateau 
throughout  the  districts  of  Man  dirt,  Seoni,  ClihindwArA,  and  Betiil,  and  to 
the  north-east  forms  the  highlands  of  Chuti-1  NAgpur,  is  interrupted  at  this 
point  and  the  GondwAna  deposits  stretch  across  from  the  Son  to  the 
Mahtinadf  valley.  The  watershed  between  the  Son  and  the  MahAnadt 
drainage  is  pretty  high,  and  is  occupied  by  Talchir  rocks,  probably 
of  no  great  thickness,  so  that  the  guciss  most  probably  forms  a  rock- 
barrier  from  east  to  west,  though  of  course  it  is  open  to  question  when  this 
was  produced.  It  may  well  be  of  post-GonchvAna  age.  To  the  north  of  this 
barrier  of  gneiss  the  Cuddapahs  and  Ka  nulls  of  the  south  appear  to'  he 
represented  by  a  great  series,  principally  composed  of  sandstones,  long 
known  to  geologists  under  the  name  of  Vindhyan. 

The  name  Vindhyan,  one  of  the  oldest  introduced  by  the  Geological 
Survey,  was  used  to  designate  the  great,  sandstone  formation  of  Bundel- 
khand  and  M.-ihvd,  and  was  adopted  from  the  name  currently  applied  by 
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Anglo-Indian  geographers  to  the  scarped  range  along  the  north  side  of  the 
Narbadi!  valley.  The  Vindhyan  system  ranks  third  in  superficial  extent 
within  the  rock-area  of  the  Peninsula,  occupying  in  a  single  basin  a  larger 
surface  than  the  combined  areas  of  any  other  formation  except  the  gneiss 
and  the  Deccan  trap.  The  form  of  the  basin  is  peculiar.  There  is  a  great 
area,  250  miles  long,  between  Chitor  on  the  west  and  Sdgar  on  the  east, 
and  225  miles  broad  from  Indargarh  on  the  north  to  Bdrwai  (or  Mortaka) 
on  the  south,  all  presumably  occupied  by  upper  Vindbyans,  although  a 
very  large  part  of  it  is  covered  by  the  trap  of  the  Mdlwd  plateau.  Prom 
Sagar  a  long  arm,  with  a  maximum  width  of  50  miles,  stretches  eastwards 
for  340  miles  to  Sdsserdm  in  Behar.  Another  broader  tract  extends  north¬ 
wards  from  Sagar,  and  passes  under  the  Gangetic  alluvium  between  Agra 
and  Gwalior,  The  gneissic  mass  of  Bundelkhand  lies  between  these  pro¬ 
longations.  The  exposed  surface  of  the  Vindhyan  deposits  is  about  40,000 
square  miles  and,  with  the  area  beneath  the  trap,  the  basin  would  occupy 
about  65,000. 

Throughout  the  greater  part  of  their  border  the  Vindhyan  sandstones 
are  unconformably  related  to  transition  or  gneissic  rocks,  but  in  the 
eastern  branch  of  the  area  in  Bundelkhand  and  the  Son  valley,  and  in  the 
neighbourhood  of  Chitor  and  Jbalra  Patau,  they  rest,  with  little  or  no  un¬ 
conformity,  upon  deposits  of  very  different  character.  These  lower 
beds  were  at  first  noticed  under  local  names  in  the  several  areas,  but  the 
convenience  and  fitness  of  having  a  common  name  for  deposits  so  nearly 
related  was  soon  felt,  and  the  term  lower  Vindhyan  has  been  used  in  this 
sense  in  spite  of  the  very  disproportionate  importance  of  the  two  divisions 
so  established,  and  a  doubt  as  to  whether  they  are  really  members  of  the 
same  conformable  system. 


On  the  map  prepared  for  this  Manual  it  has  been  found  necessary  to 
make  one  colour  serve  for  the  lower  Vindhyans  and  the  Cuddapabs,  but  as 
the  lower  Vindhyans,  in  the  sense  here  used,  are  confined  to  the  margins 
of  the  Vindhyan  basin,  this  is  not  likely  to  lead  to  confusion.  From  Sassc- 
rdm,  at  the  extreme  east  end  of  the  area,  the  lower  Vindhyans  are  con¬ 
tinuous  at  the  base  of  the  Kriimur  scarp  for  240  miles,  disappearing  at 
the  Son-Narbadd  watershed,  where  the  upper  Vindhyans  sweep  across 
into  contact  with  the  transition  rocks.  The  greatest  width  of  the  lower 
Vindhyans  across  their  outcrop  in  this  their  typical  area  is  16  miles,  just 
where  the  Son  enters  its  main  valley  from  the  south.  At  some  points 
on  the  lower  reaches  of  the  river  their  outcrop  is  less  than  two  miles 
wide.  Some  small  inliers,  appearing  through  the  alluvium  in  l.lehar  at  a 
short  distance  east  and  north  of  the  termination  of  the  Vimlhynn  plateau,  an- 
most,  if  not  all,  of  them  of  lower  Vindhyan  rocks,  which  also  crop  uui 


from  beneath  the  upper  Vindhyans in  some  of  the  valleys  on  the  north  side 
of  the  plateau  west  of  Sdsserdm,  In  this  direction,  however,  the  lower  Vin-  . 
dhyans  soon  disappear  and  at  tire  lowest  level,  where  the  Ganges  washes 
the  base  of  the  plateau  at  ChanSr  (Cbunar),  only  upper  Vindhyans  are 
exposed.  The  concealment  of  the  lower  groups  is  probably  only  due  to 
depression  in  the  main  axis  of  the  basin,  for  the  very  same  rocks  appear 
again  beneath  the  Kdirmsr  sandstone  as  it  rises  towards  the  gneissic  mass ' 
cf  Bundelkhan.d. 

It  may  be  considered  certain  that  the  Semri  rocks,  under  the  Kdimur  . 
scarp  in  south-eastern  Bundelkhand,  are  the  same  as  the  lower  Vindhyans 
of  Son  valley,  but  their  appearance  on  the  north  is  much  more  irregular  in 
every  way,  a  circumstance  which  is  easily  accounted  for.  From  Chebu, 
close  to  the  Jumna,  they  are  seen  at  intervals  below  the  Viudbyan  scarp 
for  160  miles  to  beyond  the  DhasSn.  The  principal  exposures  are  for  20 
miles  east  of  the  DhasSn,  and  for  12  west  of  the  Ken  (Cane).  East  of  the 
latter  river  the  beds  are  totally  concealed  for  long  distances,  where  the  upper 
Vindbyans  pass  over  them  on  to  the  gneiss,  and  the  lower  formation  is' 
only  visible  in  the  gorges  of  the  principal  streams.  About  Karwf  again, 
where  the  main  scarp  begins  to  trend  eastwards,  oblique  to  the  general 
strike  of  the  basin,  the  lower  Vin  dhyans  are  freely  exposed,  but  at  Bhita, 
where  the  Jumna  first  touches  the  rocks  of  the  plateau  a  few  miles  above 
Allahdbid,  the  upper  Vindhyans  are  at  the  water  level,  the  position  being 
more  to  the  dip  of  the  basin. 

The  third  of  the  principal  exposures  of  Sower  Vindhyans  lies  in  the 
extreme  south-west  corner  of  the  main  outcrop  of  the  system  and  extends 
from  about  10  miles  north  of  Cbitor  in  a  southerly  direction  to  the  edge 
of  the  Deccan  trap,  whence  it  turns  eastwards  and  occupies  a  narrow 
strip,  with  irregular  boundaries,  extending  to  about  25  miles  south-east  of, 
Jhaira  P&tan.  Besides  these  three  principal  exposures  there  are  some 
small  outliers  of  what  are  believed  to  be  lower  Vindhyans  resting  on  the 
disturbed  Alwar  quartzites  on  the  eastern  margin  of  the  Ardvalli  region, 
south-west  of  Karauli,  ■  ’  ■  • 

The  classification  of  the  lower  Vindhyan  beds  wants  the  definiteness 
that  is  attainable  in  the  upper  Vindhyans.  There  are  no  well-marked  zones 
of  sub-division,  and  all  the  members  of  the  group  are  not  to  be  found  on 
every  section,  the  irregularity  being  partly  due  to  thinning  out  and  partly 
to  a  lateral  change  of  mineral  character.  The  want  of  constancy  is  more 
conspicuous  in  the  lower  members  than  in  the  upper,  a  direct  result  of  the 
mode  of  deposition.  The  first  beds  formed  were  deposited  on  an  uneven 
floor  of  the  older  rocks,  and  as  the  irregularities  of  this  became  smoothed 
off,  and  the  area  of  deposition  enlarged  by  gradual  subsidence,  the  con¬ 
ditions  of  sedimentation  became  more  uniform  and  gave, rise  to  more  uni¬ 
form  and  constant  stratification  of  the  succeeding  beds.  ,  •• 
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Tile1  beds  of  No.  6  are  described  as  being  almost  universally  ripple- 
umrUed  in  the  Mah&n udS  tributary  of  the  Son,  besides  which  sun-cracks 
and  the  marks  of  rain-drops  are  very  common. 


In  BundclkliEuid  the  Semtyw  lower  Yvcidhyati,  Wts  weie  dass&eAby 
Mr.  Me&icottas  blows'4: 


4.  Pulkoa  sphista. 


3.  Dulchipur  sandstones. 


These  are  not  all  represented  on  every  section.  In  the  easternmost 
exposures  only  the  Tirohdn  (Tirhowan)  limestone,  and  what  was  believed 
to  be  a  representative  of  the  Scmri  sandstone,  are  seen.  The  Setnri 
shales  die  out  near  Shdhgarh  and  the  Scmri  sandstone,  thinning  out  about 
the  same  place,  can  only  be  traced  to  the  Dliasdn  river.  Coincident  with 
the  decline  in  thickness  of  these  two  groups,  the  Dulcbipur  sandstones, 
whose  most  easterly  limit  is  near,  Chopra,  increase  in  thickness  and 
Iraportauce  and  come  into  direct  contact  with  the  Semri  sandstone  by  the 
overlap,  or  thinning-put*  of  the  Scmri  shales.  At  the  western  end  of  tire 
exposure  of  the  lower  Vindliyaus  the  Dulcbipur  sandstone  is  the  only  mem¬ 
ber  ot  the  group  represented. 

Though  none  of  the  sub-clivisions  of  the  lower  Viirdhyans  in  Buncel- 
kliand  can  be  identified  with  those  in  the  Son  valley,  the  general  resem¬ 
blance  in  lithological  character,  and  more  especially  in  their  relations  to 
the  upper  Vindhyans,  is  such  as  to  make  their  identity  certain. 

The  two  uppermost  members  very  circumstantially  represent  the 
RohMs  group  of  the  Son— the  thin,  sharply  bedded,  tine  grained  limestone 
of  very  variable  composition,  both  in  chemical  and  mechanical  ingredients, 
and  the  flaky  slHcious  shales  between  which,  even  more  capriciously  than  in 
the  Son  area,  occur  the  most  complete:  vortical  and  horizontal  'transitions. 
When  the  Btiadelkhand  ground  was  first  described  the  equivalence  of 
these  different  rocks  was  not  detected,  and  consequently  it  was  supposed 
that  the  shales  bad  suffered  denudation  before  the  deposition  of  the  lime¬ 
stone,  and  the  limestone  again  before  the  deposition  of  the  Kdimnr  sand¬ 
stone,  which  is  found  resting  directly  on  both.  In  one  form  or  the  other,  as 
shale  or  limestone,  this  group  is  found  from  end  to  end  of  the  outcrop, 
being,  like  the  Rohtds  group,  the.  only  constant  member  of  the  series. 

There  is  ouc  character  connected  with  the  limestone  uv  Bundelkhand 
that  does  not  occur  in  the  Son  region.  It  Is  almost  constantly  overlaid 
by  a  siUoious  breccia,  not  rictrital,  but  apparently  composed  of  thin 
layers  of  agate,  chert,  and  jasper,  shattered  in  places  cither  by  con¬ 
cussion  or  desiccation,  uud  re-cemented  by  sintery  or  -hyaline  silica,  freci 
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from  sand  or  other  detrital  matter.  This  breccia,  which  is  adherent  to 
the  limestone  aud  also  fills  cracks  in  its  upper  surface,  is  connected 
rather  with  the  Tirohdn  limestone  than  with  the  overlying  Kdimur 
sandstone,  which  often  has  at  its  base  a  breccia  conglomerate  very  differ¬ 
ent  in  character  from  the  Tirohdn  breccia.  This  bed  is  sometimes  40 
feet  thick,  as  on  Panwdri  hill,  south-east  of  Tirohan. 

In  the  middle  area,  at  and  west  of  the  Ken,  the  Semri  Sandstone  and 
the  overlying  shale  and  limestone  band  are  well  developed.  The  latter  is 
also  fairly  seen  in  the  gorges  of  the  Rani  and  the  Boghin,  east  of  Panner, 
but  in  the  eastern  area,  about  Karwi,  the  Tirohdn  (R.  htds)  limestone, 
very  free  from  its  familiar  shales,  is  with  one  exception  the  only  member 
of  the  series,  The  exception  consists  of  a  very  peculiar  bottom  rock 
covering  the  granitoid  gneiss.  Where  found  under  the  limestone  this  rock 
might  readily  be  referred  to  the  Tirohdn  group,  for  it  often  has  layers  of 
dense,  fine  limestone  just  like  that  rock,  and  is  otherwise  cherty,  as  is 
often  the  case  with  the  limestone,  but  it-  is  largely  a  detrital  rode  com¬ 
posed  of  quartz-sand,  felspar-grains,  and  (characteristically)  glauconite. 
Cherty  segregation  in  many  forms,  — spong-y,  pisoiitic,  amygdaloidal  or  dis¬ 
seminated,— gives  a  most  peculiar  aspect  to  the  bed.  This  rock  is  trace¬ 
able  in  the  hills  south-west  of  Karwf,  the  most  north-westerly  of  which 
about  Akbarpur  are  altogether  of  metamorphic  rock,  and  have  a  pointed 
or  rounded  outline,  the  next  have  a  thin  cap  of  Kiimur  sandstone, 
but  the  sedimentary  beds  thicken  steadily  to  the  south-east,  and  at  the 
sacred  hill  of  Chhattarkot  the  gneiss  is  only  seen  at  the  base  on  the  north¬ 
west  side.  At  the  high  elevation  of  the  junction  there  is  only  a  remnant 
of  the  cherty  contact  rock  coating  the  gneiss  under  the  Kdimur  sandstone, 
but  in  the  Chhattarkot  hill  the  contact  rock  occurs  under  the  limestone,  hold¬ 
ing  its  position  as  a  true  bottom-rock.  At  a  few  places  in  the  eastern  area 
the  flaggy  sandstones  of  this  band  are  well  marked,  as  in  the  gullies  to 
the  south-east  of  Chhattarkot  hill,  and  they  become  more  developed  to  the 
west  or  north  of  Panna,  on  Bisramganj  Ghat,  where  they  are  50  feet  thick. 
I11  this  way  they  are  traceable  into  relation  with  the  Semri  sandstone,  in 
which  also  glauconite  grains  are  of  common  occurrence. 

This  peculiar  confact-rock  of  the  east  has  been  more  specially  noticed 
because  of  a  conjecture  that  it  may  possibly  be  an  original  nidus  of  the 
diamond.  A  common  form  of  it  is  a  semi-vitreous  sandstone,  or  pseudo 
quartzite,  of  a  greenish  tinge,  the  result  of  the  local  solidification  of 
sandstone  by  diffused  silica.  Large  pebbles  of  tin's  rock  arc  very  abun¬ 
dant  in  the  conglomeratic  diamond  bed  of  the  Rcwa  shales  at  the  Panna 
mines,  and  it  is  said  they  are  broken  up  in  the  search  for  diamonds.1  1  he 
diamond-bearing  beds  of  the  upper  Vindhvans  .are  now  at  a  much  higher 
level  than  any  existing  outcrop  of  the  Semri  beds,  but  it  is  very  probabl* 
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that  this  peculiar  rock  once  extended  over  the  then  elevated  surface  of  the 
g-nedssic  area,. 

Both  in  the  Son  valley  and  in  Bnndelkhand  there  are  indications  that 
the  present  limit  of  the  lower  Vindbyans  is  not  very  far  from  that  of  their 
original  extension.  The  irregularity  of  the  lower  groups  in  the  Son  valley, 
together  with  the  coarseness  of  texture  of  the  lowest  member  of  the  group, 
show  that  they  were  deposited  oti  an  uneven  floor  of  deposition.  The 
thinning  out  of  the  subdivisions,  except  those  forming  the  Rohtds  group, 
east  of  Barcibi,  and  the  complete  absence  of  Nos.  6,  7,  and  the  sandstone  ot 
No.  8,  are  evidently  due  to  this  area  having  escaped  the  sedimentation, 
which  went  on  elsewhere  Another  observation  of  importance  is  that  ifi 
the  outliers  to  the  south  the  lowest  conglomerate  is  much  thicker  than 
in  the  main  exposure,  indicating  an  approach  to  the  limits  of  deposition. 

In  Bnndelkhand  the  original  limitation  of  the  lower  Vindhyans  is  most 
unmistakeably  exhibited  by  the  overlap  of  the  K3imur  group  on  to  the 
gneiss  and  Bijdwars,  This  is  clearly  enough  seen  on  a  large-scale  geo¬ 
logical  map,  where,  in  all  the  northern  prominences  and  outliers,  the  upper, 
Vindbyans  are  in  direct  contact  with  the  older  rocks,  while  in  the  deep 
cut  valleys  draining  from  the  south  the  lower  Vindhyans  intervene.  It  is 
confirmed  by  the  record  of  sections,  where,  the  Sower  Vindhyans  are  seen 
to  be  banked  against  a  sloping  surface  of  BijSwars. 

The  lower  Vindhyans  of  Chi  tor  and  Jhalra  Pitan  have  not  been  so 
fully  described  as  those  of  the  other  two  areas.  They  consist  of  .shales, 
limestone,  and  sandstone,  the  latter  often  conglomeratic  near  the  base  of 
the  series  and  sometimes  containing  boulders  that  range  up  to  three  feet 
across,  but  do  not  appear  to  contain  any  of  the  volcanic  or  pseudo- 
volcanic  beds  found  in.  the  Son  valley.  No  unconformity  with  the  upper 
Vindhyans,  or  trace  of  one,  is  mentioned  as  occurring  in  this  area,  and  the . 
beds  do  not  exhibit  that  degree  of  compression  which  is  seen  further  east. 
At  their  western  limit  they  rest  unconformably  on  the  gneiss  and  trans¬ 
ition  formations,  but  along  the  southern  margin  the  boundary  is  formed 
by  the  overlying  Deccan  trap,  The  lower  Vindhyans  are  here  exposed 
in  an  anticlinal,  whose  southern  half  is  for  the  most  part  concealed,  but 
at  Jhalra  Patan  and  south  of  Rimpurd  there  are  outliers  of  the  upper 
Vindhyan  sandstone,  intervening  between  the  lower  Vindhyans  and  the 
edge  of  the  trap.1 

The  justice  of  classifying  these  beds  with  those  next  to  be  described  in  a 
single  system  is  open  to  question.  There  is  most  ce*rtainly  an  unconformity 
between  them  and  the  so  called  upper  Vindhyans.  This  might  be  inferred 
from  the  complete  overlap  of  the  lower  Vindhyans  by  the  Kdirnur  group 
But  there  is  better  evidence  than  this  in  the  very  different  facies  of  the  two, 
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the  lower  being  on  the  whole  argillaceous  and' calcareous,  and  the  upper 
arenaceous  and  argillaceous,  and  more  especially  in  the  sudden  and  wide 
spread  change  from  the  finegrained  deposits  of  the  Roiitds  to  the  coarse 
sandstone  of  the  Kiimur  group.  Apart  from  this,  the  occurrence  of  debris 
of  lower  Vindhyan  beds  too  feet  above  the  base  of  the  Kdimtir  group 
shows  that  the  lower  Vindhyans  must  have  undergone  some  disturbance 
and  been  then  exposed  to  denudation. 

Two  deceptive  features  have,  however,  given  grounds  for  exaggerating 
the  importance  of  the  break  between  the  upper  and  lower  Vindhyans. 
Before  the  equivalence  of  the  upper  shale  and  limestone  of  the  Rohtds 
group  had  been  recognised,  it  had  to  be  assumed  that  one  or  the  other 
had  berm  very  extensively  denuded  before  the  deposition  of  the  Kaiinur 
beds,  an  assumption  which  involved  much  irregular  superposition,  although 
none  could  be  detected  in  actual  sections.  The  other  deception  more 
important,  because  it  involves  the  introduction  of  disturbance  uncon¬ 
formity,  is  the  apparent  contortion  of  the  lower  Vindhyans  before  the 
Kdimur  period.  This  view  rested  upon  the  fact  that  the  lower  Vindhyans 
are  often  found  sharply  twisted  in  close  proximity  to  the  perfectly  undis- 
turbed  Kaimurs  in  the  Son  valley.  The  upper  Vindhyans  themselves 
have,  no  doubt,  undergone  considerable  flexure  in  this  zone,  as  may  be 
seen  in  the  Son  area,  on  the  west  at  Bilberi  and  on  the  east  at  the 
Gliaggar.  But  these  broad  undulations  were  not  at  first  thought  sufficient 
to  include  the  frequent  flexures  seen  in  the  lower  rocks  which,  though 
sharp,  never  seem  to  carry  the  beds  much  out  of  an  average  horizon. 
This  opinion  had,  however,  to  give  way  to  the  fact  of  invariable  com¬ 
plete  parallelism  of  the  layers  of  the  two  formations  whenever  a  contact 
could  be  observed,  even  in  proximity  to  those  contortions.  It  is  important 
to  dwell  upon  this  observation,  because  some  unconformities  of  this 
class,  reported  and  insisted  on  elsewhere,  rest  upon  no  other  evidence 
than  that  found  to  be  fallacious  in  this  ease.  It  may  even  be  suggested 
that  such  appearances  might  possibly  be  produced  independently  of  any 
general  disturbance  of  associated  thick  and  thin,  or  hard  or  soft,  deposits 
merely  by  pressure  from  an  adjoining  elevated  mass  upon  yielding  un¬ 
derlying  beds,  as  occurs  in  the  familiar  case  of  the  'creep  in  coal  mines. 

The  classification  of  the  strata  composing  the  upper  or  true  Vindhyans 
is  as  follows  : — a 

t  Upper 

Bhaxder  (Bundair)  .  < 

(  Lower 
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.  13,  S.TlT(]?{!»nu. 

J12.  Shales  {Sirbu). 

11.  SandMone. 

IQ,  Limestone. 

9.  Shales  (Ganur^arh). 
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the  immense  range  oi  ibis  group,  it  is  only  known  to  ho  productive 
within  a  small  area  of  the  Hanaa  slate,  on  the  borders  of  the  Bundelkiiaud 
gneiss,  and  the  surface  diggings  are  confined  to  the  same  neighbourhood. 
Here  again,  its  already  noticed  of  the  Banaganpalli  mines  in  Southern 
India,  the  diamond  layer  is  conglomeratic  and  the  iiii'erenee  would  seem 
to  be  that  the  diamond  occurs  as  a  pebble  with:  the  others*  Tlic  obser¬ 
vation  recorded4  that  a  particular  kind  of  those  pebbles  at  tire  Panua 
mines  is  broken  tip  and  searched  (or  diamonds,  and  that  these  particular 
pebbles  are  derived  from  a  pcc.imur  bottom  bed  of  Lhe  lower  Vindliyaii 
«enea, would  of  course  point  to  liiis  latter  rock  as  the  original  nidus  of 


oat  altogether,  and  the  main  sandstones  coalesce.  These  reciprocal  ■ 
variations  in  the  distribution  of  tin;  coarser  and  ('met  deposits  have  distinct 
nlation  to  position  ruth  refer*  nec  to  the  border  of  the  area,  the  shales 
being-  in  force  towards  the  middle  of  the  basin,  and  being  replaced  by- 
sandstones  near  the  margin,  showing  that  this  border  is  approximately  an 
original  limit,  and  that  the  actual  basin  corresponds  .pretty  Closely  with 
the  basin  of  deposition.  There  are  local  exceptions  to  this  condition,  aud 
it  is  in  the  direction  in  which  these  exceptions  occur,  on  the  Ardvalli 
side,  that  the  only  recognisable  distant  outliers  of  the  upper  Vindhyans 
have  been  observed, 

A  formation  so  constituted,  and  for  the  most  part  but  little  affected  by 
disturbance,  can  result  in  but  one  form  of  surface.  Accordingly  the  upper 
Viudhyan  area  presents  a  three-fold  plateau,  each  step  formed  of  one  of  the 
main  groups,  with  minor  plateaux,  terraces  or  ledges  corresponding  to -the 
\arious  subdivisions.  The  thick  sandstones  form  vertical  scarps  over  a 
talus  of  the  underlying  shales.  There  is,  moreover,  a  basin  shaped  lie  of 
the  beds,  apparently  to  a  great  extent  original,  whereby  the  surfaces  are 
rendered  more  or  less  concave,  and  the  edges  of  the  successive  scarps  of 
sandstones  scarcely  higher  than  the  outer  one,  composed  of  the  Kdimur 
rock.  From  this  arrangement  it  follows  that  the  upper  group  occupies  by  - 
far  the  larger  part  of  the  area,  even  the  middle  step  of  the  plateau,  the 
edge  of  which  is  determined  by  the  Rewd  sandstone,  being  chiefly  occupied 
by  the  lower  Bhatrder  sivafes. 

Over  almost  the  whole  of  the  area  occupied  by  the  upper  Vindhyan 
beds  they  lie  little  disturbed  and  almost  horizontal,  and  any  violent  effects 
of  disturbance  are  restricted  to  the  south-south-east  and  the  north-west 
margins  of  the  basin.  Two  local  exceptions  to  this  rule  may  be  noticed. 
In  the  Panwari  ridge,  south  of  Tirohan,  the  Rohtis  limestone  is  capped  quite 
horizontally  by  Kdimur  sandstone.  The  hill  is  more  or  less  detached  from 
the  main  plateau,  and  in  the  broken  ground  intervening,  the  sandstone  ,is 
found  dislocated  and  dipping  in  the  most  irregular  fashion,  quite,  inex¬ 
plicable  by  any  ordinary  mode  of  disturbance.  The  displacement  is  pro¬ 
bably  due  to  the  underground  solution  and  removal  of  the  Rohtds  limestone 
and  the  consequent  subsidence  of  the  sandstone. 

The  other  special  instance  of  disturbance  is  not  local  in  the  same  sense 
as  the  last,  as  it  is  probably  only  a  symptom  of  much  more  that  is- con¬ 
cealed.  It  has  been  said  that  over  the  wide  expanse  of  Vindhyan  rocks 
between  Gwalior  and  Nfmach,  the  Bhander  and  Rewabeds  He  quite  flatly, 
and  it  has  been  presumed  that  to  a  considerable  extent  they  stretch  in  this 
manner  under  the  trap  of  Mdbvd.  Close  to  Jhalra  Piftan,  however,  at  the 
northern  edge  of  the  basaltic  plateau,  a  sharp  axis  disturbance  passes  from . 
the  south-east,  beneath  the  trap,  to  the  north-west,  throwing  up  the  Via* 
dhyan  strata  in  an  anticlinal  flexure,  with  dips  of  70°  on  each  side.  Along 
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this  steep  outcrop  the  standstone  weathers  into  long  narrow  ridges.  'I  his 
feature  gradually  dies  put  to  the  north-west,  it  is  a  hint  that  the  disturb¬ 
ance,  which  so  violently  affects  the  Vindhyans  of  the  Dhar  forest,  extends 
far  to  the  north  under  the  traps  of  Malwa. 

The  disturbance  of  the  strata  along  the  south-south-east  border  of  the 
Vindhyan  basin,  to  as  tar  west  as  Hoshangdbdd,  is  plainly  a  recurrence, 
on  the  same  Lines,  of  the  compression  which  had  produced  the  contortion 
and  cleavage  in  the  adjoining  transition  and  gneissic  rocks.  It  seems  to 
have  taken  different  forms  in  different  parts  of  the  ground.  Along  the 
whole  Si  n  valley,  there  is  little  or  no  faulting  in  the  zone  of  disturbance, 
but  at  the  Son-.Varbada  watershed  one  or  more  faults  occur  at  and  close 
to  the  boundary,  the  east-north-east  strike  being  remarkably  steady 
throughout.  Down  the  Narbadi  valley  towards  Hoshangabdd,  the  dips  in 
the  Vindhyans  become  unsteady.  At  Hoshangabad,  and  again  in  the 
Dhar  forest,  there  is  a  decided  predominance  of  a  north-west,  south¬ 
easterly  strike,  and  as  the  east-north-east  strike  remains  constant  in 
the  contiguous  transition  and  metamorphic  rocks,  it  may  be  infer  red  that 
the  former  strike  is  the  later  of  the  two.  It  is  that  to  which  the  features  of 
the  Vindhyans  south  of  Nimach  and  at  Jhalra  Patan  conform. 

The  north-western  boundary  of  the  Vindhyans  is  in  the  main  a  fault  of 
great  throw,  along  which  the  almost  horizontal  Bhander  sandstone  is  brought 
into  contact  with  the  highly  disturbed  Ardvaili  beds.  Beyond  this 
fault  there  are  a  few  small,  but  important  outliers,  composed  of  the  lower 
members  of  the  system.  The  largest  of  these  occur  south-west  of  Karauli, 
where  a  narrow  ridge  of  Alwar  quartzites  is  faulted  against  undisturbed 
sandstones  of  upper  Vindhyan  age  on  the  south-east,  and  on  the  north-west 
is  overlaid  by  two  alternations  of  sandstone  and  limestone,  the  lower  being 
regarded  as  lower  Vindhyan  (RohtSs  group)  and  the  upper  as  Kaimur.1 
The  beds  have  been  compressed  and  are  exposed  in  two  narrow  synclinals, 
about  20  miles  in  length,  but  there  are  small  outliers  of  the  lower  beds  to 
the  south-west  of  Naraoli,  as  far  as  the  parallel  of  Ranthambhor. 

From  just  north  of  Bundi,  extending  almost  to  Indargarh,  a  narrow 
strip  of  Kdimur  sandstone  rests  with  little  disturbance  on  the  slates  imme¬ 
diately  west  of  the  great  boundary  fault. 

The  throw  of  this  fault  must  be  at  least  5,000  feet,  and  there  is  natural¬ 
ly  some  difficulty  in  accounting  for  a  single  fault  of  so  great  a  throw 
having  been  formed  subsequent  to  the  deposition  of  the  Vindhyans,  and 
among  beds  which  have  undergone  so  little  subsequent  disturbance  as 
they  have.  But  we  will  find  when  treating  of  the  Himalayas  that  the 
nature  of  the  boundary  between  the  Vindhyans  and  the  disturbed  Aravalli 
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beds  is  very  similar  to  what  wo  may  infer  is  the  contact  between  the 
undisturbed  deposits  of  the  tndo-G.-mgetic  plain  and  the  disturbed,  beds  .of  ■ 
the  Himalayas.  Moreover,  along  the  loot  of  the  Himalayas,  there  is  a  strip 
of  upper  tertiary  beds  which  >m<-  been  disturbed,  but  to  a  less  degree  than 
the  older  beds  of  the  range,  while-  the  equivalents  of  these  beds  are  belie'  ed 
to  occur  under  the  alluvial  plain,  in  perfectly  conformable  sequence  with 
the  most,  recent  alluvium.  Now,  if  these  suppositious  are  correct,  as  is 
almost  certainly  the  case,  we  can  imagine  that,  after  ages  of  denudation, 
the  upper  tertiary  rocks  of  the  Siwalik  zone  will  be  almost  removed,, 
mid  the  northern  boundary,  of  what,  is  now  known  as  the  Jndo-Gangetic 
alluvium,  will  then  exhibit  very  much  the  same  features  as  the  boundary  of 
the  Vindhyans  towards  the  Ardvalli  range  now  does.  The  upper  beds 
will  be  in  contact  with  highly  disturbed  rocks  of  much  more  ancient  date 
along  a  great  line  of  fault.  Beyond  this  will  be  a  few  outliers  composed  o£ 
the  lower  beds  of  the  series,  the  SiwAliks  of  the  present  classification,  aud¬ 
io  the  north  of  these  there  will  be  a  broad  exposure  of  the  wreck  of  a 
mountain  range.. 

In  the  case  of  the  Himalayas  the  fault  has  been  gradually  formed  part 
passu  with  the  deposition  of  the  Indo-Gangelic  alluvium,  which  is  contem¬ 
poraneous  in  its  origin  with  the  principal  elevation  of  the  Himalayas  and 
formed  of  the  debris  of  that  ranges 

It  is  natural  to  suppose  that  the  similar  structure  in  the  case  of  the 
Ardvallis  indicates  a  similarity  of  origin,  and  that  the  great  Vindhyatt 
spread  of  Central  India  is  formed  of  deposits  which  bore  the  same  relation 
to  that  range  as  the  Indo-Gangelic  alluvium  docs  to  the  Himalayas.  . 

The  suggestion  is  an  important  one  since  it  would  fix  the  period  of  the  ■ 
formation  of  the  Ardvalli  range,  or  at  any  rate  of  its  principal  importance, 
as  contemporaneous  with  the  deposition  of  the  upper  Vindhyan -rocks  that 
were  formed  of  its  debris.  It  would  account  for  the  greater  prevalence  of 
sandy  beds  near  this  margin  of  the  deposit  and  would  place  the  original 
limit  of  deposition  not  very  far  beyond  the  present  limit  of  the  outcrops. 

Allusion  1ms  been  made1  to  some  small  outliers,  believed  to  be  of  Vin¬ 
dhyan  age,  which  occur  on  the  north  and  west  Bundelkhand  gneiss. 

'I  hey  differ  much  in  character,  and  their  peculiarities  of  composition  may 
help  to  explain  their  apparently  anomalous  position.  Although  Hie  gneiss 
reaches  high  up  under  the  scarp  of  Ivaimlir  conglomerate  all  round  the 
western  border  of  the  area  which  is  described  as  a  local  edge  of  deposi¬ 
tion,,  these  small  outliers  occur  at  the  level  of  the  low  country.  IE  they 
agreed  in  composition  with  the  rocks  of  the  main  area,  which  are  so  strik¬ 
ingly  constant  in  this  respect  within  that  area,  the  fact  might  be  at  once 
explained  by  a  subsequent  change  of  level,  but  such  is  not  the  case. 


warping  of  the  surface,  leaving  the  softer  but  undecomposable  rk-trital 
i  >x.k  to  jimject  where  once  kid  heel)  depressions  of  the  surface. 

To  the  west  of  I  he  Ar.-halli  range  there  are  numerous  exposures  of 
horizontal  sandstones,  mostly  hard  and  Usually  more  or  less  red  in  colour,  ■ 
with  occasional  strings  of  pebbles.1  They  are  frequently  false  bedded  and 
show  ripple  marks  on  the  surfaces  of  the  slabs.  With  these  there  occur 
exposures  of  a  compact  grey  cherry  limestone  which  is  believed  to  overlie 
the  sandstone,  though  no  actual  contact  sections  have  beer,  observed. 

Wherever  these  sandstones  rest  on  older  rocks,  whether  of  the  M-aUfni 
series  or  the  tilted  beds  of  the  Arivailis,  the  relation  is  one  of  complete  un¬ 
conformity,  usually  accompanied  by  a  band  of  strong  conglomerate  at  the 
junction.  On  the  cast  of  the  Ardvallis  a  similar  unconformity  is  to  be 
observed,  but  the  western  beds  are  even  more  markedly  superficial  with 
respect  to  the  older  rocks,  which  must  already  have  been  disturbed  and 
elevated  into  a  mountain  range  at  the  time  of  their  formation. 

The  outcrops  of  these  beds  are  scattered  over  a  large  area  in  western 
Rdjputdna,  but  they  are  for  the  most  part  individually  small  and  surround¬ 
ed  by  sandhills  and  alluvium.  It  is  consequently  very  difficult  to  make  out 
(he  true  thickness,  or  even  the  superposition,  of  the  beds  in  the  different 
exposures,  and  it  is  possible  that,  in  the  neighbourhood  of  Pokaran,  beds 
which  have  been  coloured  as  Vindhyan  are  really  much  newer.  The 
sandstones  are  darker  in  colour,  somewhat  softer,  and  contain  mote  pebbles 
than  near  Jodhpur  and  are  distinctly  underlaid  by  a  boulder  bed  consisting 
of  a  fine  matrix  through  which  numerous  large  blocks,  many  .of  which  show 
distinct  signs  of  glaciation,  are  scattered.  There  is  no  record,  of  such  a  ■ 
formation  having  been  observed  at  the  base  of  the  Vindhyans  further  east 
but  a  similar  glacial  boulder  bed  near  Bdp  was  regarded  as  Takhir.  .  If  the 
two  are  identical  the  Pokaran  sandstones  would  belong  to  the  Gondwdna 
system.  They  differ,  however,  in  type,  from  any  of  the  sandstones '  of 
western  RiijputSna  which  can  be  referred  to  that  period,  and  the  glacial 
beds  differ  from  those  of  Bdp  in  being  interbedded  with  dioritic  trap  and 
ash  beds,  and  in  the  .absence  of  boulders  of  the  supposed  -Vindhyan 
limestone,  which  are  extremely  abundant  in  the  boulder  bed  of  Bdp,3 

In  degree  of  induration,  lithological  character,  and  relation  to  the  tilted 
beds  of  the  Ardvallis,  these  sandstones  and  limestones  closely  resemble  the  , 
Vindhyans  to  the  east,  and  they  are  regarded,  with  a  strong  show  of  proba¬ 
bility,  as  of  that  age  But,  on  the  hypothesis  of  the  relation  between  the  . 
Arivalli  range  and  the  upper  Vindhyan  sandstones  which  has  been  pro¬ 
posed  above,  there  can  never  have  been  any  continuity  between  the  out¬ 
crops  on  either  side,  and  it  is  incorrect  to  speak  of  the  Jodhjpur  beds  as 
outliers  of  the  Vindhyan  basin.  They  must  have  been  formed  contempora- 


neously  in  an  independent  basin  of  deposition  and  the  connection  between 
the  two  would  be  similar  to  that  which  subsists  between  the  recent  deposits 
north  of  the  Himalayan  range  and  the  Indo-Gangetic  alluvium. 

The  rock  systems  which  have  been  described  in  tins  chapter  are  remark¬ 
able  as  being  the  source  to  which  all  the  diamonds  found  in  India — if  we 
except  the  reputed  occurrence  of  diamonds  near  Simla — can  be  traced, 
though  the  actual  workings  are  more  commonly  in  recent  stream  gravels.1 
In  Southern  India  the  principal  source  of  the  diamond  is  the  Banagan- 
palli  group  of  the  KaviriU  series  near  the  town  of  that  name,  but  they  are 
also  obtained  at  other  places  within,  or  just  outside,  the  boundary  of  the 
Cuddapah  basin.  In  the  Mahdnadi  valley  they  are  found  near  Sarrbalpur, 
just  outside  the  boundary  of  the  Cuddapah  area,  but  have  not  been  found 
in  situ  as  yet.  The  third  diamond  district  of  India  is  near  Patina, where 
the  original  home  of  the  diamond  is  in  the  lower  part  of  the  upper 
Vindhyan  series,  though  the  possibility  of  its  derivation  from  lower  Vindhyan 
beds  has  been  indicated. 

This  repeated  occurrence  of  the  diamond  at,  or  about,  the  same  geological 
horizon  might  be  held  to  be  corroborative  of  the  general  resemblance, 
which  has  led  the  rocks  in  which  it  is  found  to  be  classed  together.  But 
the  evidence  is  of  small  value,  for  the  diamond  is  in  every  case  derivative, 
and  its  original  source  has  not  yet  been  found. 

About  six  years  ago  it  was  supposed  that  an  original  source  of  the 
diamond  had  been  discovered  in  a  volcanic  neck  near  Wajra  Karur,  filled 
with  a  substance  which  closely  resembled  the  blue  clay  of  the  Kimberley 
diamond  fields.  A  more  detailed  examination  has  shown  that  the  Wajra 
Karur  rock  is  the  product  of  decomposition  of  a  basic  volcanic  rock,  not  a 
pei  idotite,  like  the  Kimberley  blue  clay.8  Previous  to  this  the  rock  had  been 
thoroughly  prospected  for  diamonds,  but  none  were  found  in  the  matrix 
though  diamonds  have  certainly  been  found  on  the  surface  after  rain,  and, 
as  there  are  no  outliers  of  Cuddapah  or  Karnul  conglomerates  within  the 
drainage  area,  it  was  supposed  that  they  must  have  been  washed  out  of 
the  decomposed  volcanic  debris  filling  the  neck.8 

The  conclusion  is  not  a  necessary  one,  for  the  rock  filling  the  neck 
has  been  more  largely  removed,  being  more  easily  weathered  than  the  sur¬ 
rounding  gneiss,  and  the  neck  now  forms  a  depression  in  the  general 
surface  of  the  country  into  which  the  diamonds  might  have  been  washed. 
A  different  origin  for  the  diamond  has  been  suggested  by  M.  diaper,4  who 
believed  that  he  had  obtained  diamonds,  sapphires,  and  rubies  from  the 
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debris  of  a  pegmatite  vciu  in  the  gneiss.  He  did  not,  however,  find  any  of 
these  gems  in  their  matrix,  nor  did  he  apparently  himself  procure  them 
from  the  debris.  The  evidence  produced  is  of  the  slightest  aud  has  not 
materially  helped  forward  the  solution  of  the  problem  of  the  original 
source  of  the  diam;ond% 


It  remains  now  to  consider  briefly  the  relations  of  the  rock  systems 
described  In  this  chapter  to  each  other.  In  the  first  edition  of  this  manual 
the  Cuddapak  system  was.  classed,  along  with  the  Gwaliors,  among  the 
upper  transition  deposits,  but  subsequently  the  rocks  of  the  Godavari 
valley,  which  had  previously  been  regarded  as  Vindhyan  were  identified 
With  the  Cuddapahs  of  Madras*  ami  Mr,  Medlieott,  abandoning  Ins 
previous  opinioo,  accepted  the  Cuddapahs  as  the  equivalent  of  the  lower 
Viiidhyans.l  Adopting  this  conclusion  we  have  in  the  southern  area 
two  unconformable  Series  or  systems,  of  which  the  uppexmost  U  quite: 
unimportant  com  pared  with  llic  lower;  In  the  central  area  much  the 
same  is  the  ease,  but  in  the  northern  area  tee  two  series  are  said  to  be 
nearly  conformable  and  the  lower  is  certainly  muclv  less  in  thickness 
than  the  upper.  The  .firstp ■  and  most  obvious  impulse  would  be  to  class 
the  louer  Vindhyans,  the  PaUials,  and  the  Cuddapahs  together,  as 
an  older  system,  and  the  upper  Vindhyans,  the  Sullavais,  and  theKaniuls, 

with  the  lithological  resemblances  of  the  rock-  series,  and  may  be  correct 
in  the  main,  but  the  truth  must  be  less-simple  than  this. 

It  is  impossible  to  suppose;  that  the  lower  Vindhyans  of  Central  India 
can,  in  any  proper  sense  of  the  word,  be  the  equivalents  of  the  great 
Ouddapah  system,  and  if  the  account  of  the  relation  between  the  upper 
and  lower  Vindhyaus  given  above  is  correct,  it  indicates  a  difference  from 
that  which  subsists,  bcLweeu  the  Pakhal  and  Sulla vrai  beds  of  the  Godivart 
valley,  or  between  the  Cuddapahs  and  Kanuils  ol  Madras.  If  the  Kamui 
series  represents  any  portion  of:  the  Vindhyan  system,  whether  upper, 
or  lower,  it  is  difficult  to  escape  the  conclusion  that  the  commencement 
of  the  Cuddapah  epoch  must  date  further  hack  than  the  oldest  of  the 
typical  lower  Vindhyan  deposits,  and  may  be  in  part  contemporaneous 
with  the  newest  of  those  described  among  the  transition  systems,  asupposi- 
tion  strengthened  by  the  resemblances  which  maybe  observed  between  the 
banded  jaspers;  hornstonesy  and  porcellanic  beds  of  the  lower  Cuddapahs, 
and  the  similar  rocks  of  the  Gwalior  series.  The  resemblances  are,  how 

for  purposes  of  description  to  class  these  beds  with  these  newer  rather 
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OLBER  PALiEOZQIC  SYSTEMS  OF  THE  EXTRA-PENINSELAR 
AREA. 

The  Salt-range— Central  Himalayas— Unfossiliferous  slates  ot  the  outer  Hlmalayas-Tbs 
Jaunsar  syslem— The  Deoban  limestone— The  Baxa  series— Eastern  Tibet  and  Burma. 

Iu  the  last  chapter  an  older  palteozoic  age  tvas  accepted  for  the  less 
disturbed  unfossiliferous  rocks  of  the  Peninsula,  on  the  ground  of  the  great 
discordance  that  exists  between  them  and  the  next  succeeding  beds,  which  . 
are  known  to  be  of:  tipper  palaeozoic  age.  In  the  extra-peninsular  area  we 
have  no  need  to  content  ourselves  -with  such  indirect  evidence  as  this,  for 
the  presence  of  older  palaeozoic  rocks  has  been  proved,  in  three  distinct 
areas,  by  the  discovery  of  cambrian  and  silurian  fossils, 

The  most  important,  because  most  fully  studied,  of  these  is  the  Salt- 
range,  where  an  extensive  series  of  conformable  strata,  nearly  3,000  feet 
in  thickness,  is  divided  into  the  following  groups ; — 


Salt  pseudotnofph  zone  ....  ,  450  feet. 

Magnesian  sandstone  .  .  -  .  .  .  250  „ 

Neobolus  beds1  .......  100  „ 

Purple  sandstone  ......  450  „ 

Salt  marl3  .......  1,500:  „ 


The  complete  sequence  is  only  seen  in  the  eastern  part  of  the  range,  for 
the  series  is  unconformably  overlaid  by  the  succeeding  one,  and  the  groups 
are  successively  thinned  out  to  the  west  by  denudation,  as  one  after  the 
other  becomes  the  uppermost  to  be  seen. 

The  salt  marl  consists  typically  of  a  fine  grained  rock,  varying  from 
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matter)  mixed  with  some  disseminated  gypsum  and  carbonates  of  .both  lime 
and  magnesia.1  The  mar!  itself  never  exhibits  the  slightest  signs  ,pf  strati' 
fieation,5  nor  are  any  coarser  grains  of  sediment  found  mixed  with  it,  hut 
it  acquires  an  appearance  of  'stratification  from  containing  beds  of  gypsum 
and  rock  salt,  a  few  layers  of  dolomite,  some  beds  of  sandy. dolomite  in  the 
lower  part  of  the  series,  and  near  Kheura  a  six  inch  band  of  bituminous 
shale  and  some  irregular  patches  of  an  obscure,  dioritic-iooking,  dark  purple 
trap,  said  to  be  associated  with  paler  purple  volcanic  ash. 

The  most  interesting  and  important  of  these,  both  as  regards  thick¬ 
ness  and  economic  value,  are  the  salt  and  gypsum  deposits..  The  former 
appears  to  be  somewhat  irregularly  developed  and,  except  where  .mining 
operations  are  carried  on,  difficult  to  observe,  but  it  is  described- as  oc. 
earring  in  regular  beds  vvh  ich  exhibit  distinct,  lamination.  The  greatest 
development  is  in  the  Mayo  mines  at  Kheura,  where  there  are  over  550 
feet  of  salt.  Half  of  this  thickness,  or  275  feet,  is  made  up  of  five  beds 
of  nearly  pure  salt,  which  is  mined  and  placed  upon  the  market  without 
being  refined,  the  other  half,  known  as  ktrlar,  is  too  earthy  and  impure 
to  be  used  in  its  naiura!  slate,  and  has,  consequently,  no  marketable 
value. 

The  impurities  of  the  salt  are  principally  sulphate  of  lime  and  chlorides 
of  magnesium  and  calcium.  In  the  Mayo  mine  a  lenticular  band,  with  a 
maximum  thickness  of  6  feet,  has  been  found,  composed  of  a  mixture  of 
ylvine  (chloride  of  potassium)  and  kieserite  (sulphate  of  magnesium,  with 
one  equivalent  of  water),  which  also  prevailed  through  a  thickness  of  about 
seven  feet  below  the  sylvine  band,  Giauberite  (anhydrous  sulphate  of  soda 
and  lime)  has  also  been  found.  Epsom  salts  (sulphate  of  magnesia,  with 
seven  equivalents  of  water)  commonly  crystallises  in  (he  passages  of  the 
mines  or,  the  surface  of  the  salt  marl  and  the  kalar,  and,  as  this  salt  would 
result  from  the  absorption  of  wafer  by  kieserite.  it  appears  to  indicate 
that  the  magnesian  sail  is  of  common  occurrence  in  the  rock. 

Besides  being  disseminated  through  the  red  marl,  the-  gypsum  occur? 
abundantly  in  beds  and  irregular  masses,  overlying  the  salt  as  a  rule,  but 
also  occurring  more  doubtfully  in  lower  situations.  It  is  found  everywhere 
accompanying  the  red  marl  and,  at  Mari  and  Kdlabdgh  on  the  Indus  as  well  ■ 
as  in  the  Kbisor  range,  contains  more  or  less  numerous  bipvramidal  crys¬ 
tals  of  quartz.,3  Sometimes  layers  of  hard  flaggy  dolomite  are  found  in 
thick  masses  of  the  gypsum  and  at  one  or  two  places  numerous  large  and 
perfect  casts  of  hopper  shaped  crystals  of  salt  are  found  in  the  dolomite 
layers. 

s  Memoirs,  XIV,  70,  (tS?S).  1  *  A.  B,  Wynne',  Memoirs,  XIV,  7,1,  (1878)  i 
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SALT  MARL  OF  THE  SALT  RANGE. 


Chap.  V.] 

Till  quite  recently  there  would  have  been  little  hesitation  in  regarding 
tins  group  of  beds  as  sedimentary  in  their  origin,  and  older  than  the  sand¬ 
stones  which  overlie  them  on  most  sections.  It  is  true  there  were  always 
difficulties  in  the  way  of  this  interpretation,  among  which  were  the  absence 
of  stratification  in  the  marl,  the  enormous  masses  of  sea  water  whose  eva¬ 
poration  wouid  be  involved  in  the  formation  of  the  great  beds  of  salt,  the 
great  age  of  the  beds  containing  so  soluble  a  mineral  and,  more  especially, 
the  fact  that  much  of  the  gypsum  was  known  to  be  not  fully  hydrated, 
and  Mr.  Middle-miss'  has  recently  declared  himself  in  favour  of  the 
theory,  broached  by  more  than  one  of  the  earlier  observers,  that  the 
marl,  with  its  gypsum  and  salt,  is  hypogene,  and  has  come  into  its  pre¬ 
sent  position  by  a  process  analogous  to  that  of  igneous  intrusion. 

"I  he  arguments  in  favour  of  this  conclusion  are  two-fold  and  derived, 
firstly,  from  the  abnormal  stratigraphical  position  in  which  the  marl  is  some¬ 
times  found  and,  secondly,  from  the  mineralogieal  character  of  the  mar! 
and  its  peculiarities  of  structure  and  included  minerals. 

As  regards  the  position  of  the  salt  marl,  it  is  ordinarily  below  the 
purple  sandstone  and  the  form  of  the  boundary,  imbaying  up  the  deep 
valleys,  is  such  as  to  suggest  that  it  is  in  normal  infraposition,  but, 
according  to  Mr.  Middlemiss,  there  is  no  transition  between  the  two 
beds,  and  in  the  sections  quoted  by  him  there  are  numerous  fragments  of 
the  sandstone  scattered  through  the  upper  layer  of  the  marl.  Besides  this, 
the  salt  marl  is  found  at  higher  horizons  intruded  along  the  cores  of 
flexures  and  along  fold  faults.  None  of  these  observations  are,  however, 
of  vital  importance,  as  the  features  might  easily  be  the  result  of  pres¬ 
sure  acting  on  a  soft  material  like  the  marl. 

The  second  argument  is  derived  from  the  condition  of  certain  included 
fragments  of  dolomite.  These  are  described  as  pitted,  corroded  and  honey¬ 
combed,  and  showing,  in  one  section  at  Kavhad,  an  ultimate  passage  into 
the  red  marl.  In  connexion  with  this,  another  section,  two  miles  north 
of  Burikhel,  must  be  noticed,  where  the  salt  marl  is  immediately 
overlaid  by  the  glacial  boulder  bed  forming  the  base  of  the  upper 
palaeozoic  system  of  the  Salt  range.  The  marl  here  contains  numerous 
large  aggregates  of  a  hard  compact  dolomite,  whose  peripheral  portions 
are  pitted  or  honeycombed  and  the  cavities  filled  by  gypsum,  only  the 
central  portions  being  unaltered.  In  the  boulder  bed  no  trace  of  the  marl 
could  be  found,  whether  as  included  fragments  or  by  a  colouration  of  the 
matrix,  and  none  of  the  numerous  dolomite  pebbles,  resembling  those 
of  the  central  portions  of  the  lumps  in  the  subjacent  marl,  exhibit  any- 
pitting  or  corrosion,  From  this  it  was  concluded  that  the  corrosion  of  1 1 1 
dolomite  in  the  marl  was  of  later  date  than  the  boulder  beds.  Here  the 
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.clay  are  rare  or  absent  throughout  the  group.  At  the  upper  limit  the 
colour  of  the  sandstones  becomes  paler  and  some  buff  bands  are  seen. 
'I  he  sandstones  show  ripple  marks  but  rarely,  and  the  only  trace  of  life 
they  contain  are  a  few,  almost  equally  rare,  obscure  fucoid  markings. 

The  purple  sandstone  group  is  succeeded  abruptly,  but  conformably,  by 
dark  or  blackish  shales,  associated  with  sandy  and  calcareous  beds 
only  some  20  to  too  feet  in  thickness,  but  extremely  important  on  account 
of  the  fossils  they  have  yielded.  These  have  come  from  two  horizons,  one 
near  the  base  of  the  group  from  a  shale  band  containing  Neaboltts,  the 
brachiopod  which  has  given  its  name  to  the  group,  and  the  other  close 
to  the  top,  immediately  below  the  magnesian  sandstone. 

The  fossils  from  the  lower  horizon  comprise  the  following  species®  : — 

Discinohpis graauMa.  i  Lakhminz  lingaloide*. 

Sahisoplwlis  r-ugasa,  j  „  squama, 

Neqboltts  vvarihi.  Linguist  kiurmsis. 

„  iuptnei.  j  »  wthi. 

ftnsstelia,ep. 

The  fossils  collected  by  Mr.  Middlemiss  from  the  higher  horizon  have 
not  yet  been  examined,  but  some  fossils  collected  by  Dr.  Wartii,  which 
probably  came  from  the  same  horizon,  include^ — • 

CoHocspkxlites  iv  art  hi.  Hyalithts  naymiei. 

Or  this  warthi. 

Besides  which  a  trilobite  belonging  to  the  genus  O/enellus  has  been  found 
by  Mr.  Middlemiss. 

None  of  the  species  from  this  group  have  been  found  in  other  parts  of 
the  world  as  yet,  but  Conocephalites  warthi  is  said  to  be  very  close  to 
Solenopleurn  cristata  from  the  Paradoxides  beds  of  Sweden.  The  general 
facies  of  the  fauna,  however,  leaves  no  room  for  doubt  that  the  beds  arc 
of  Cambrian  age,  and,  consequently,  the  oldest  in  India  whose  age  can  be 
determined  with  any  approach  to  certainty. 

The  fossiliferous  beds  are  succeeded  by  the  magnesian  sandstone 
group,  which  forms  conspicuous  scarps  along  the  eastern  part  of  the  range. 
It  consists  of  from  ro  to  300.  feet  of  hard,  light  cream  coloured  or  white, 
dolomitic  sandstone  or  sandy  dolomite,  associated  with  which  are  beds 
of  light  coloured  sandstones,  and  sometimes  oolitic  or  flaggy  bands, 
the  latter  occasionally  covered  with  fucoid  markings  ar.d  separated  by 
greenish  or  dark  coloured  shales. 

The  topmost  member  of  the  system,  as  developed  in  the  Salt  range,  is 
composed  of  thin  bedded  and  flaggy  sandstones,  with  interbedded  shales  or 
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clays,  characterised  by  their  bright  red  colour  and  by  the  nutnerotrs  pseudo- 
moiphic  casts  ot  salt  crystals  which  cover  the  bedding  surfaces.  These 
casts  are  found  indenting  the  lower  surfaces  of  the  separate  flags,  and.  there 
can  be  no  doubt  that  they  arc  due  to  salt  having  crystallised  out,  by  the  eva¬ 
poration  of  salt  water,  and  having  then  been  covered  by  fresh-  sediment, 
which,  adapting  itself  to  the  angularities  of  the  crystals,  preserved  their 
form  in  the  casts  now  seen.  As  might  be  expected,  these  beds  are.unfos- 
siliferous,  the  only  organic  remains  found  being  obscure  fucoid  impressions 
and  worm  tracks. 

In  the  Central  Himalayas  of  Hundes  and  Spiti  a  system  of  conformable 
strata,  of  older  palasozoic  age,  was  described  by  the  late  Dr,  Stoliczka1  as 
the  Babeh  and  Muth  series.  Mr.  Griesbach,  as  the  result  of  a  more  extend¬ 
ed  survey,  has  recently  rearranged  these  beds  as  follows  * 

White  quartzite.  w;th  HmcstonC',  »  , 

Red  crinaM  limestone. 

Dark  coral  limestone. 

Flesh-coloured  and  brown  quartzites  and.  shales. 
Coral  limesti/pe, 

Red  quartz  shales  and  slate.  - 
Shales  and  silky  phylfites,  with  a.great;  thickness 
of  quartzites. 

Quartzite,  generally  purple  and  9  great  thfekilcss 
of  conglomerate. 

The  whole  of  this  sequence  of  rock  groups  is  described. as  perfectly 
conformable  throughout  and  separated  by  a  slight  unconformity  from  the 
beds  above ;  it  will  therefore  be  treated  as  a  single  system  for  descriptive 
purposes. 

The  three  lowest  groups  are  united  by  Mr.  Griesbach  under',  the  name 
of  the  Haimanta  (snow  clad),  a  convenient  designation  for  the  great  thick¬ 
ness  of  beds,  intermediate  between  the  Silurian  and  the  gneiss  and  schists 
which  are  either  entirely  unfossiliferous  or  have  only  yielded  .organic 
remains  too  badly  preserved  to  he  identifiable. 

The  Haimanta  series  is  divided  into  three  groups,  the  lowest  of  which 
is  characterised  by  a  great  development  of  conglomerates,  composed  of 
rolled  and  subanguiar  fragments,  among  which  quartz  and  gneiss  pre¬ 
dominate,  The  matrix  is  a  hard,  often  deep  purple  coloured,  sometimes 
partially  schistose  quartz  rock.  The  junction  with  the  underlying  schists 
is  said  to  be  transitional  and  often  not  determinable  with  accuracy,  but  the 
prevalence  of  coarse  conglomerates  points  to  an  unconformity^  and  the 
apparent  transition  may  be  due  to  the  compression  and  metamorphism 
the  beds  have  undergone, 

1  V,  17-24,  (,86s). 
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The  conglomerate  group  is  overlaid  by  a  great  thickness  of  greenish 
grey  phyllites,  slates  and  thicker  bedded  quartzites,  traversed  by  quartz 
veins,  towards  the  upper  part  of  which  reddish  brown  and  pinkish  quartz 
shales  are  intercalated.  They  are  said  to  resemble,  lithologically,  the 
Simla  slates  and  contain  some  very  obscure  fossil  remains  which  have 
been  referred  to  Bellerophon,  with  some  Crinoid  stems  and  casts  of 
bivalves. 

The  uppermost  member  of  the  Haimantas  is  described  as  very  constant 
and  conspicuous  and,  consequently,  very  useful  horizon  in  unravelling 
the  structure  of  the  hills.  It  is  described  as  consisting  of  bright  red  and 
pink  quartz  shales  passing  upwards  into  greenish  grey  shales  and  quartz¬ 
ites  with  pink  and  shaly  partings.  Some  thin  bands  of  deep  red  lime¬ 
stone  are  occasionally  found  in  the  lower  part  of  the  group. 

The  total  thickness  of  the  Haimantas  is  about  3,000  to  4,000  feet,  of 
which  from  350  to  500  belong  to  the  upper  group. 

The  passage  from  the  uppermost  Haimanta  be  Is  to  the  lowest,  classed 
as  Silurian,  is  gradual,  and  the  two  types  of  rock  are  infcerbedded  at  the 
junction.  The  lower  Silurian  beds,  according  to  Mr.  Griesbach,  consist  at 
the  base  of  dirty  coloured  greyish  pink  quartzite,  with  calcareous  partings, 
passing  upwards  into  grey  shaly  quartzites,  alternating  with  dark  blue  to 
black  coral  limestone, — limestone  being  the  prevailing  rock  of  the  group'. 

The  lower  beds  of  silurian  age  are  comparatively  thin,  being  only  about 
300  feet  thick,  and  are  succeeded  by  from  1,000  to  1,200  feet  in  the 
Niti  sections,  and  much  more  in  Spitz,  of  dirty  pink  to  flesh  coloured  quart¬ 
zites,  with  greyish  green  intercalated  shales,  and  some  limestone  bands  in 
the  lower  part.  In  Spiti  Dr.  Stoliczka  observed  some  contemporaneous 
trap  in  these  beds,1  but  none  was  seen  in  the  Hundes  sections.2 

The  upper  Silurian  quartzites  pass  gradually  into  dark  grey  or  black 
limestone,  generally  concretionary,  showing  sections  oi  Corals  and  Brn- 
chiopodi  in  large  numbers,  on  the  weathered  surface.  These  again  pass 
gradually  into  bluish  grey  and  brownish  red  limestones,  containing  frag¬ 
ments  of  Crinoids. 

The  uppermost  member  of  the  system  is  composed  of  white  quartzite, 
ranging  from  350  feet  to  800  feet  in  thickness.  It  was  classed  by  Dr. 
Stoliczka  with  his  Muth  series  of  doubtfully  Silurian  age,3  butaccordingto 
Mr.  Griesbach,  it  is  overlaid  in  Spiti  with  partial  interstratification,  by 
limestones  of  carboniferous  age  containing  Athyris  royssi Productus, 
etc.4 
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On  the  accompanying  map  a  very  large  area,  in  Kashmir  and  the, 
north-west  Himalayas  south-west  of  the  snowy  range,  has  been  coloured 
as  Silurian,  although  a  very  considerable,  ii  not  the  greater,  portion  of  this 
area  is  probably  occupied  If  post-si! uriau  beds.  This  course  has  been 
adopted  owing  to  the  impossibility  of  distinguishing  generally  between  the 
older  and  younger  slates,  where  all  have  been  equally  disturbed  and  are, 
as  a  rule,  equally  unfossiliferous.  in  Kashmir  the  whole  area  mapped  by 
Mr.  Lydekker  as  belonging  to  his  Panjdl  system  has  been  coloured  as 
silurian,  though  it  has  since  been  shown’  that  a  considerable  portion  of 
this  sYstem  is  probably  of  upper  palaeozoic  age,  and  the  same  colour  has 
been  used  in  the  Hazdra  district  for  that  series  of  slates  with  limestones 
and  quartzites  which  are  known  as  the  Atlock  slates. 

The  Attock  slates,  which  derive  their  name  from  being  particularly  well 
seen  in  the  hills  along  the  Indus  south  of  Attock,  consist  of  davit  coloured 
slates  and  limestones,  some  sandstones  and  trap,  both  intrusive  and  inter- 
bedded.  Nothing  is  known  of  their  age  except  that,  in  the  Siifcan  moun¬ 
tain  near  Abbottabad,  they  underlie,  with  a  strongly  marked  unconformity, 
beds  which  arc  older  than  the  tiiasA  They  must  consequently  be,  in  part  at 
least,  of  older  palaeozoic  age.  On  the  other  hand,  it  is  certain  that  beds  of 
secondary  age  are  folded  up  amongst  them,  for  limestone  containing 
Die-.  roan  a'nmi  has  been  found  east  of  the  road  between  Khanpur  and 
Haripur,  and  Ammonites  cast-south  east  of  Harellyairi;  quite  lately,  ton, 
some  fossils  of  decidedly  cretaceous  appearance  were  found  by  Sir.  tjrics- 
bacb  in  the  area  mapped  as  Attock  slates.  It  becomes  obvious  from  this,  , 
that  the  area  coloured  as  Silurian  contains  both  upper  palaeozoic  and  inyzo* 
zoic  rocks,  bat,  as  it  is  impossible  to  .separate  these  At  present,  it  has  been 
thought  best  .0  give  one  uniform  colour  on  the  map  to  the  area  occupied 
bv  tlic  generally  unfossiiiferous,  slaty  series,  except  where  sufficient  in¬ 
formation  in  available  to  justify  the  separation  of  a  distinct  area  of  post- 
sihman  rocks. 

in  Kashmir  the  Panja'l  system  of  Mr'.  Lydekker  includes,  besides  slates 
and  associated  beds  of  transition  mid  older  palaeozoic  age,  a  great  series 
of  beds  which  there  is  good  reason  *0  believe  are  carboniferous  and  permi- 
an.  These  form  the  principal  portion  of  the  typical  sections  of  the.  Panj.il 
system,  and  as  they  will  be  dealt  with  further  no,1  there  remains  nothing 
definite  to  be  said  of  the  lower  beds  in  this  piacc,  The  Tanjdl  system 
was  regarded  as  perfc city  conformable  to  the  underlying  gneisses,  but  it  is 
probable  that  uuccmfortnablc  breaks  exist,  which  Were  not  recognised  in 
tire  coarse,  of  a  rapid  exploration. 

Further  to  the  south-east  a  svsic-m  of  strata  has  been  distinguished, 
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.  under  the  name  of  Jaunsar,  which  exhibits  considerable  resemblance  to  the 
Haimantas  and  Silurian  of  the  central  Himalayas.  The  lowest  beds,  known 
to  belong  to  this  system,  are  characterised  by  the  prevalence  of  purple 
quartzites  with  intercalated  red  slaty  beds  and,  low  down  in  them,  a 
boulder  bed,  composed  of  large  fragments  of  quartzite,  dispersed  through 
a  fine  grained  matrix, 

In  the  upper  Pabar  valley  the  quartzites  are  found  lying  unconform- 
ably  on  the  gneiss.  In  eastern  Sirmur  they  appear  to  be  underlaid  by  a 
great  thickness  of  grey  slate  with  a  band  about  300  feet  thick  of  grey  lime¬ 
stone,  but  the  true  position  of  these  beds  has  not  been  established  with 
certainty.  In  the  Bangal  valley  of  eastern  Sirmur  the  purple  quartzites  are 
overlaid  by  about  200  feet  of  a  dark  grey  felsitic  trap,  covered  by  as  much 
more  of  mixed  trap  and  ashes,  which  are  of  subaeriat  origin  In  northern 
Jaunsar  these  are  replaced  by  a  great  thickness  of  slaty  beds,  mixed  with 
bedded  lava  flows  and  impure  volcanic  ashes,  and  a  band  of  limestone,  some 
300  feet  thick.  Above  the  volcanic  beds  comes  a  great  thickness  of  sub- 
schistose  slates.1 

The  purple  quartzite  beds  exhibit  considerable  lithological  resemblance 
to  those  of  the  Babeh  series  (Haimanta)  and  the  volcanic  beds  may  well  be 
contemporaneous  with  those  of  silurian  age  mentioned  by  Dr.  Stoliczka. 

South  of  the  snowy  range  the  Jaunsar  system  has  not  been  recognised 
with  certainty  away  from  Jaunsar  and  eastern  Sirmur,  but,  low  down  in  the 
Simla  slates,  as  the  beds  which  underlie  the  Blaini  group  in  the  Simla 
district  have  been  called,  there  are  some  purple  quartzites  which  may 
belong  to  the  system,  while  there  can  be  little  doubt  that  the  purple 
quartzites  and  volcanic  breccias  described  by  Mr.  Middlemiss  in  western 
Garhwal3  are  of  the  same  age. 

The  Jaunsar  system  is  unconformably  overlaid  by  a  great  limestone  . 
series,  which  forms,  and  derives  its  name  from,  the  peak  of  Deoban,  north 
of  Chakrdta.  It  consists  of  a  pale  to  dark  grey  limestone,  often  more 
or  less  dolomitic,  with  interbedded  grey  shales.  The  limestone  is  frequently 
mephitic,  in  places  contains  numerous  cherty  concretions,  and  is  occa¬ 
sionally  oolitic.'’ 

The  age  of  this  limestone  series  is  unknown,  it  appears  to  he  urt- 
conformable  to  the  Jaunsar  system  and  is  certainly  overlaid,  with  marked 
unconformity,  by  beds  which  there  is  reason  to  believe  are  of  carboniferous 
or  permian  age,  Outside  Jaunsar  it  has  not  been  identified  with  certainty, 
but  is  probably  represented  by  the  great  lime;- tone  formations  seen  south¬ 
east  of  the  Chor,  in  the  Shrill  mountain,  in  Kulu,  and  in  Gnrhwdl  am!  Ku- 
mdun.  The  correlation,  which  is  based  on  general  lithological  resem. 

1  Records,  XXI,  131,  (i 888).  ^  ^  a  A'.W^  XX,  3  ),  (1SS7). 


hUtnce  and  relative  position  in  the  series,  derives  great  support  from  the 
discovery,,  in  the.  limestone  of  Kulu!,  Jaunsar®,  and  Kmrriuri',  of  curious 
structures,  exhibiting  considerable  resemblance  to  each  other,  which  may 
be  merely  concretionary  hot  are  quite  possibly  of  organic  origin. 

Tn  the  eastern  Himalayas  Mr,  Mallet  distinguished  a  series  of  teds 
named  after  the  hill  fort  of  Baxa,‘  composed  of  variegated  slates, ■ 
quartzites  and  dolomite,  the  latter  being  the  most  prominent  member 
of  the  series  and  having  a  thickness  of.  1,500  feet.  The  dolomite  is 
described3  as  generally  massive  with  obscure  bedding,  but  frequently  shaly 
and  passing  at  times  into  a  dark  grey  slate.  It  is  saccharoid,  light  grey, 
rarely  white  in  colour,  with  nests  of  more  coarsely  crystallised  calcite  and 
drusy  cavities,  lined  with  the  same  mineral,  scattered  through  it.  There 
is  also  a  strong  band  of  quartzites  and  quartz  schists,  and  carbonaceous  ' 
slates  have  been  observed.  This  series  was  regarded  as  younger  than  the 
Damudas,  but,  as  has  already  been  explained/  it  is  probable  that  the  section 
was  mi  nisterpreted,  and  it  should  be  looked  on  as  older,  probably  consi¬ 
derably  older  than  the  Damudas,  and  consequently  of  lower  pplasozoic 
horizon# 

Further  to  the  east  devonian  fossils  were  found  by  the  Abte  pea 
Mazures  near  Gouchou  in  eastern  Tibet, 15  but  no  other  older  palaeozoic 
rocks  are  known  along  the  eastern  frontier  til!  near  Mandalay,  where 
Dr.  Noetling  has  recently  faund  a  shaly  limestone  containing  Crinoids,- 
Orthoccras  and  a  species  of  Echinosphm rites!1  The  latter  of  these  alone 
would  be  sufficient  to  stamp  the  beds  as  silurian.  These  older  palaeozoic 
beds  are  no  doubt  largely  developed  in  the  country  east  of  the  IraWadi 
valley,  but  no  details  have  as  yet  been  published. 
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CARBONIFEROUS  AND  TRIASSIC  ROCKS  OF  EXTRA-PENIN¬ 
SULAR  INDIA. 

The  Salt  range — Central  Himalayas — Carbonaceous  system  of  the  outer  Himalayas— Kashmir 
— Hazdra-Afghdnistto— Tenassorim-Unfossililerous  slaty  series  in  southern  AfehdnisUn 
— Arakan-Mahipur  and  Ndga  hills. 

The  upper  palaeozoic  rock  groups,  of  peninsular  and  extra-peninsular 
India  alike,  bring  forcibly  before  us  the  impracticability  of  a  rigid  ap¬ 
plication  of  the  European  divisions  of  the  geological  scale.  Almost 
everywhere  the  paleozoic  rocks  pass  upwards,  without  an"  uneonform- 
able  break  of  any  importance,  into  beds  of  mesozoic  age,  and  it  will  be 
found  convenient  to  class  the  upper  palaeozoic  and  trias  together  in  the 
description,  as  it  has  been  found  necessary  to  do  on  the  map.  But  with 
this  exception  the  carboniferous  and  triassie  rocks  of  the  two  areas  pre¬ 
sent  so  strong  a  contrast  that  it  is  necessary  to  treat  them  separately.  In 
the  Peninsula  they  are  represented  by  a  great  system  of  subaeriatly 
formed  river  deposits  known  as  the  Gondwdna  system  ;  in  the  extra-penin¬ 
sular  area  the  rocks  of  the  same  age  are  of  marine  origin,  and  as  their  age 
can  be  more  satisfactorily  established,  and  they  form  an  important  link  in 
the  chain  of  argument  by  which  the  age  of  the  Gondwdna  system  is 
determined,  they  will  stand  first  for  description. 

The  Salt  range — but  now  in  its  western  half— is  again  our  typical 
area,  where  the  series  is  best  exposed,  most  fossiliferous,  and  has  been 
most  completely  studied.  It  has  there  received  a  considerable  amount 
of  attention  from  the  Geological  Survey,  as  well  as  from  independent  ob. 
servers,  and  the  classification  now  adopted  is  more  .complete  than  the 
simple  division,  into  speckled  sandstone  and  carboniferous  limestone, 
originally  adopted  by  Mr,  Wynne.1  The  first  of  these  names  mnv,  how¬ 
ever,  remain  to  distinguish  one  of  the  principal  divisions,  and  for  the 
other  the  name  Productus  limestone,  proposed  by  Dr.  Waagcn,  -will  he 
used,  as  the  term  carboniferous  is  misleading. 


«.<n  GKOM>R>  Ut  CAKRORH'-EHOnS  AMD  IPBIAS.  [dtajt-  ?!■ 

The  old. -si  membei  o!'  this  sysaoro  was  dbMftgmshtwl  by  Mh  Wynne  as  L 
tUc  speckled  rarolplone.  It  rcntr  uneonforowbly  ott  th«  older  paljemspic  . 
rockr/and  is  usually,  >f  not  invariably,  characterised  af.  ks  base  by  n  boulder-  . 
flay,  formed  of  a  fine  grain'd  matrix  of  shah-  or  sandy  shale,  usually  olive-  ' 

„n.,.n  in  cokmr  and  went  In 'Hug  into  acicular  fragments,  through  which  are 
scattered  blocks  of  hard  rock,  ranging  to  several  cubic  feet  in  size, 
almost  invariably  subangular  and  frequently  shotting  bices  that  have  been 
smoothed,  polished  and  striated  in  the  manner  characteristic  of  glacier 
aciiort.  1  hose  fragments  are  principally  composed  of  slates,  quartzites, 

and  crystalline  rocks,  whose  nearest  analogues  are  to  be  found  750  miles  \ 
to  the  south,  in  the  syenites  and  porpbyritic  felsite  of  the  Alaldni  series,  but 
mixed  with  them  are  numerous  fragments  of  the  older  palaeozoic  beds  of  the 
Salt  range,  more  especially  of  the  magnesian  sandstone.  The  glacial  origin 
of  these  beds  is  so  obvious,  and  the  resemblance  to  a  bouJdcr  clay  Is  so 
close,  that  it  is  difficult  now  to  understand  how  there  should  ever  have 
been  any  doubt  regarding  its  mode  of  origin,  were  it  not  for  the  difficulty 
of  accounting  for  the  presence  of  glaciers  and  floating  ice  ar  sea  level, 
in  so  low  a  latitude,  at  a  period  when,  on  a  priori  grounds,  3  milder 
climate  might  have  been  expected  to  prevail  than  ar  tire  present  dav.  The  ' 
difficulty  is  increased  by  the  apparent  derivation  of  the  included  fragments 
from  the  south,  but  it  is  part  of  a  much  larger  problem  which  cannot  be  fully 
dealt  with  as  yet,  and  we  roust  be  satisfied  with  accepting  the  fact  of  the 
existence  of  glacial  conditions  at  sea  level. 

Many  of  the  glaciated  pebbles  of  this  bed  show  a  peculiarity  which  is 
rare  in  other  glacial  boulder  clays.  Instead  of  being  smoothed  and  striated 
on  one  or  two  surfaces  only,  they  often  have  a  number  of  flat  sui feces  meet¬ 
ing  at  obtuse  angles  and  each  showing  a  different  direction  of  striafioh. 1  - 
Si  is  in  fact  evident  that,  after  one  face  had  been  ground  and  smoothed,  thev 
had  beep  slightly  shifted  so  as  to-  offer  a  fresh  surface  and.  by  a  repetition 
of  this  process,  many  of  the  pebbles  have  acquired  a  facetted  appearance, 
as  if  they  had  been  ground,  by  a  lapidary. 

In  the  trans-Indus  extension  of  the  Sait  range  the  boulder  beds  are  under¬ 
laid  by  grey  shales,  in  which  three  species-,  HyoHthgs  orientaiis,  //.  ■ 

•s/.  and  Curdiiwwrpha 
indk&i  have  bees 
foutid,®  but  east  of  the. 

Jad»s  a  fnenr  extensive 
and  roost  I«t, dressing;  , 
factoa  ha-*5  been  obtained 
from  the  beds  which  im» 

Ffe;-  <k—  CotiitUuin  w.irtiu,  Waag.,  nat.  size.  ’mediately  overlie  the 
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boulder  clay.  The  first  indication  of  this  was  the  discovery  by  Dr.  Wartli 
in  1885,  of  Conularia  near  Pid,  but  as  his  fossils  were  obtained  from  trans¬ 
ported  pebbles,  their  importance  in  fixing  the  age  of  the  beds  they  were 
derived  from  was  disputed.  Subsequent  research  has  shown  that,  though  the 
nodules  in  which  they  are  preserved  are  certainly  transported  pebbled,  they 
must  have  been  of  almost  contemporaneous  origin  with  the  bed  in  which  they 
are  now  formed.  Moreover,  some  fossils  from  a  sandstone  band  above  the 
conglomerate  indicate  a  precisely  similar  homotaxis  to  those  in  the  pebbles, 
and  in  discussing  the  relations  of  the  fauna  we  may  take  it  as  a  whole. 

The  fossils  obtained  from  the  conglomerate  baud  are  given  in  the  fol¬ 
lowing  list,  where  the  letter  A  indicates  that  the  species  is  also  found  in 
the  marine  beds  below  the  coal  measures  of  New  South  Wales1  : _ 


A.  Pleurotomariannda * 
Bucania  tmmthi. 

A.  Conularia  laevigata. 

A.  Conularia  tenuhtnata. 

Cinitlaria  •warthi. 

A.  Sanguinolites  cf,  ntiichelU. 
,,  Unison  i. 

Ntnula,  sp.  -  • 
Pse-tdomoiiotissitbradialis* 


A.  Avicvlopecten  cf.  livueformis . 
A.  Martiniopsis  darwinu 
A.  Chone tes  craco'wensis. 

Discinisa  warthL 
SerpuUlcs  undtdofus. 

„  tuba. 


From  the  associated  sandstones  the  following  four  species  were  ob- 


A.  Enrydesma  gluhtisttm,  I  A.  E V ryd e: ma  cord rtu m. 

A,  „  '  tlliptivwt.  I  A.  M&anlagrwttis. 

The  most  noticeable  point  about  this  fauna  is  the  very  large  proportion 
of  species,  thirteen  out  of  twenty-two,  which  are  identical  with  forms 
found  in  the  marine  carboniferous  beds  of  New  South  Wales,  a  proportion 
which  not  only  shows  that  the  two  are  approximately  contemporaneous  in 
origin,  but  that  they  must  have  been  deposited  in  the  same  great  marine 
area,  with  free  communication  between  the  two  localities.  The  Australian 
beds  were  formerly  regarded  as  equivalent  to  lower  carboniferous  of  the 
European  sequence,  but  are  now'  considered  as  upper  carboniferous,  if  not 
hpmotaxial  with  the  permo-carbonifero.us  of  Europe. 

The  number  of  identical  species  would  of  itself  be  sufficient  to  place 
the  Salt  range  boulder  beds  on  the  same  horizon  as  the  marine  carboni¬ 
ferous  beds  of  Australia,  and  it  is  a  remarkable  fact,  whose  importance 
will  appear  hereafter,  that  these  same  marine  carboniferous  beds  of  New- 
South  Wales  have  been  found  to  contain  large  boulders  of  foreign  rock, 
exhibiting  distinctly  glacial  smoothings  and  strinlions,  imbedded  in  line 
grained  silt,  along  with  delicate  AV/ocrA/te  and  bivalves  whose  valves  are 
still  united  in  the  position  in  which  they  lived  and  died.5 

lPal.  Indica,  series  xiii,  IV,  DO,  145,  fiSpo-rjl).  I  'Pal.  huiica,  series  xiii,  IV,  ui,  Ofo1)- 
*  Ruvtdy,  HIV,  41,  (1S80). 


Tabular  Statement  of  the  distribution  of  Fossils  in  the  groups  of  the  Prodmtu 
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Australia  is  not  the  only  place  where  glacial  boulder  beds  of  upper 
palaeozoic  age  have  been  found,  and  we  shall  have  frequent  occasion  to 
refer  to  evidences  of  glacial  action  and  will  use  such  evidence  for  purposes 
of  correlation;  when  palaeontological  evidence  is  wanting.  But  as  the  real 
importance  of  this  horizon  is  in  establishing  the  homotaxis  of  the  Gond- 
wdna  system,  the  fuller  consideration  of  the  recorded  observations  in 
other  countries,  and  the  discussion  of  the  validity  of  this  method  of  cor¬ 
relation  will  be  deferred  till  that  rock  system  is  dealt  with.1 

This  group  of  glacial  and  fossiliferous  beds  is  overlaid  by  about  400 
feet  of  mostly  light  coloured,  reddish  or  purplish  sandstones,  unfossi- 
liferous  except  for  some  obscure  fucoid  markings  and  plant  impressions, 
known  as  the  speckled  sandstone  group.3  The  sandstones  are  interbedded 
with  some  red  shaly  bands,  and  lavender  coloured  and  purple  argillaceous 
and  gypseous  bands,  which  are  especially  prominent  near  the  top  of  the 
group.  Ripple  marks  and  oblique  lamination  are  frequent,  and  the 
weathered  surfaces  of  the  sandstone  is  frequently  studded  with  rounded 
knobs  due  to  a  local  concentration  of  the  calcareous  cement. 

Above  the  speckled  sandstone  comes  a  great  series  of  beds  which 
have  long  been  known  for  the  wealth  of  fossil  remains  they  contain,  and  for 
the  presence  in  them  of  Ammonites  associated  with  Brachiopods  of 
palaeozoic  type.  The  detailed  classification  of  these  beds  is  a  matter  of 
seme  difficulty;  the  first  column  of  the  accompanying  tabular  statement 
shows  that  adopted  by  Dr.  YVaagen,  but  if  the  distribution  of  the  fossil 
remains,  as  shown  in  the  tabular  statement,  is  examined,  it  will  be  seen 
that  this  grouping  ignores  the  two  most  prominent  palaeontological  breaks, 
that  between  the  Katta  and  Virgal  beds  and  the  still  more  striking  one 
between  the  Jabi  and  Clvidru  beds,  nor  is  it,  so  far  as  can  be  judged 
from  the  published  descriptions;  what  would  be  adopted  on  purely 
lithological  grounds.  The  most  important  modification  required  appears 
to  be  the  separation  of  the  topmost,  or  Chidru,  beds  from  the  rest  of 
the  series,  a  separation  demanded  not  only  by  some  slight  indication  of  a 
physical  break  and  by  the  small  proportion  of  species  which  are  found  in 
lower  groups,  but  more  especially  by  the  complete  change  in  the  type 
of  the  fauna  from  one  marked  by  the  prevalence  of  Brachiopoda  to  one  in 
which  their  place  has  been  taken  by  the  Lamellibranchiata.  Excluding 
these  beds,  the  other  groups  fall  naturally  into  three  divisions  of  two 
groups  each,  as  indicated  by  the  brackets  on  the  right  hand  side,  a  group¬ 
ing  that  will  be  adopted  in  the  following  description, 

The  two  groups  of  Hie  lower  Productus  beds  are  more  distinctly  sepa¬ 
rated  than  in  the  overlying  divisions.  The  lower  group  consists  mainly  of 
I  2  ikmrirs,  XIV,  00,  ( 1 878) . 


'Infra,  chap.  VIII. 


■  nfi  sandstone;,,  cmily  near  ibfb  b.w,  In)!  <>‘  fmnJIs,  'un' tasting  fa  this 
[mint  sb'Wgiy  with  i!w  li t h' t!. not  very  dissimilar  (Jj  s},*r  ftpeck- 
j,-,|  its  which  nolo  '-rib  h» vf:  found.  'i  lu-  group  iwCotnoK  more 

cnlrnn'inis  to  flic  w<\-»l,  and  :n  t.h<:  tw.os-lmins  extension  of  f jiff  Salt  Hinge 
is  said  lo  consist  of  limn-dom..  Tlif.  upper  group  is  not  very  sharply 
d  from  the  lower,  bul  is  more  iskup'ous  ;  where  normally  devclopul 
it  <-o)ji;(ins  many  iwdi.  oi'lighi  colomed  yellowish  or  whitish  limestones, 
irtierc.iinti'cl  willi  marly  and  sanity  beds. 

Tim  first  point  to  notic'-  about  the  fauna  of  this  group,1  whose  general 
furies  is  decidedly  uppor  carboniferous,  is  the  entire  absence  of  a  single 
species  also  found  in  I  he  fossiliforons  beds  at  the  bass  of  the  speckled 
.sandstone,  the  only  species  presenting  any  degree  of  alliance  being  Bucania 
batUieiish,  which  might,  be  a  inodihed  descendant  of  B,  war.lhi  from  the 
lower  beds.  The  change  is  complete, 
astri  with  it  d&j^ipears  §1)  eoytserffc® 
with  tli o  Australian  garbw  J  ft; lows f  au n af 
to  be  replaced  by  tt .  rc-'ielfoesjtip  vS'lfis. 
upper  carboniferous  and  permian  fa  Mias 
of  Europe.  Not  counting  aiiie4hpe«i«%. 
the  lower  group  contains  no  less  than 
pi,,,  nam-rHicutatus,  Mart,  sixteen  species  identical  with  forms' 

lower  ijroductus  beds.  found  also  in  the  carboniferous  and 

perminn  of  Europe,  or  in  that  series  of  strata,  intermediate  between  the 
two,  which  I  he  Russian  geologists  have  distinguished  under  the  name  «s 
pernm-carboniferous.  The  names  and  distribution  o!  these  species  will 
e  easiest  explained  by  the  tabular  statement  below; — 

cartvmi"  ]  Trirmiatf. 


Sphifriina  olsiaia 
Spii’ifer  strwius.  ,  .  i 

„  ynmsukktrihwsh 
Mtntinte  m.  gteWu 

■O7-M.1V  indirti  ,  *  * 

R('i*cnhi>  hr  Iinraitf  . 

Streptoyhyncl'us  pcUirgomrfus 
i'huhichis  ttit>',drts 


Lower  j  JJppaf 
ferntis,  \  ferous.. 


C  lr^b  oE  the  tos-i  c  wiH  be  uximt  m  Ptf  /,(r t  ge-tcb  xni,  IV,  iw\  i$i,  (iSg^iu). 
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From  this  it  will  be  seen  that  four  of  the  five  species  which  are  found  in 
the  mountain  limestone  range  up  into  higher  beds,  and  all  of  the  five  found 
as  high  as  the  perraian  are  also  found  in  lower  beds,  white  there  are  four¬ 
teen  species  found  in  upper  carboniferous  and  permo-carboniferous  beds 
seven  of  which  have  never  as  yet  been  found  in  newer  or  older  beds. 
This  fixes  the  homotaxis  of  these  beds  as  upper  carboniferous,  or  inter¬ 
mediate  between  that  and  pennian,  a  conclusion  in  accordance  with  the 
general,  aspect  of  the  fauna. 

The  upper  group  of  the  lower  division  only  contains  four  species  that 
are  found  in  the  permo-carboniferous  of  the  Ural  mountains,  of  which  only 
one  {Strophalosia  horrescens)  is  not  found  in  the  lower  group.  It  also 
contains  two  species,  Dielasma  itaitubense,  and  Spirifer  marcotii,  which 
have  also  been  found  in  South  and  North  America  respectively. 

We  have  here  evidence  of  a  great  change  in  the  distribution  of  land 
and  water  from  the  time  when  the  lower  beds  of  the  speckled  sandstone  were 
being  deposited  and  the  sea  stretched  continuously  from  the  Salt  range 
to  New  South  Wales.  The  sea  no  longer  Bowed  over  eastern  Australia, 
where  fresh  water  sandstones  and  shales  with  beds  of  coal  _,vere  being 
formed,  and  the  barrier  which,  at  an.  earlier  period,  shut  out  the  European 
forms  of  life  had  been  submerged,  allowing  the  western  fauna  to  in¬ 
vade.  the  Salt  range  permo-carboniferous  sea. 

The  same  sea  appears  to  have  extended  eastwards  into  China,  for.  from 
thin  beds  of  limestone  above  the  coal  of  Lo  Ping,  a  fauna  of  upper  carbon¬ 
iferous  type  lias  been  described,  which  contains  eleven  species  also  found 
in  the  Salt  range.  Of  these  Reticularia  lineata ,  Martinia  glabra, 
Ortiiis  pecosii,  Productus  semireticulatus,  Strophalosia  horrescens ,  and 
Richthofenia  sinensis,  are  found  in  the  loner 
group  of  the  lower  Productus  beds,  while  another 
species,  Productus  oonipfessits,  is  found  in  tile 
upper  group  of  the  same  division.  The  other 
five  species  are  found  only  in  the  middle  or 
upper  division.1 

The  middle  division  of  the  Prod'ueUis  beds 
is  the  most  important  in  thickness,  jincl  the 
most  conspicuous  owing  to  its  forming'  great 
precipices  in  the  western  portion  of  the  range. 
It  consists  principally  of  compact  grey 
Stene,  frequently  dulamitic  nnd  full  of  foSsjls 
which  are  usually  difficult  of  extraetton.,  tile 
very  numerous  specimens  obtained  haling  been 
mostly  derived  from  marly  beds  ijltci'stratiiled 
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with  the  more  compact  limestone.  Corals  arc  common  and,  in  places, 
they  are  accumulated  in  great  reefs  in  which  no  bedding  can  be  traced. 
The  lower  group  of  the  middle  division,  which  has  a  thickness  of  zoo  to 
300  feet,  so  far  as  can  be  gathered  from  the  descriptions, is  overlaid  by  from 
10  to  50  feet  of  marly  beds  intercalated  with  thin  limestone,  which  form 
the  upper  group.  Silica,  which  is  always  present  in  varying  quantity  in' 
the  lower  group,  and  sometimes  forms  large,  flinty  concretions,  is  much 
more  prevalent  in  the  upper  group,  and  the  fossils  are  beautifully  silkrifted, 
especially  at  Musa  Khcl,  and  are  generally  very  numerpus. 

The  fauna  of  this  division  is  a  very  extensive  one,  comprising  169  dis¬ 
tinct  species,  and  might  e  isily  be  extended  by  systematic  collecting.1  Of 
these  twenty- two  have  been  found  in  other  parts  of  Asia  and  Europe 
whose  distribution  in  time  is  shown  by  the  following  tabula, r  statement:— 


It  will  be  seen  from  the  tabular  statement  that  the  fauna  is  distinctly, 
newer  in  type  than  that  of  the  lower  divisim,  and  contains  a  larger  propor¬ 
tion  of  exclusively  permian  forms.  It  is  also  marked  by  the  appearance 
of  certain  species  with  decidedly  mesozoic  affinities,  namely  Nautilus 
pertgrinus ,  and  Oxytoma  atavum ,  which  are  allied  to  Jurassic  species, 
' Hemiplychina  inflate,  has  its  nearest  ally  ib  the  trias  of  Italy.  Pccten  is 
t  A  Ml  list  ot  fossils  will  be  found  in  Pul,  ludica,  series  kiii.IV,  60,  t86,  19%  (>891): 
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seldom  found  below  the  trias,  and  the  genus  Oldhamina  has  its  nearest 
relation  in  the  rhaetic  Pterophloios.  These  mesozoic  forms  preclude  us 
from  assigning  the  group  to  an  older  date  than  the  permian,  but  the  relation¬ 
ships  are  not  close  or  extensive  enough  to  justify  assuming  a  more  recent 
date  than  is  indicated  by  the  rest  of  the  fauna. 

The  upper  Productus  beds,  whose  whole  thickness  does  not  exceed  too 
feet,  consist  of  light  yellowish  sandy  dolomite  impregnated  with  silica. 
The  fossils  are  abundant  and  always  siiicified,  but  usually  only  on  the 
inner  and  outer  surfaces  of  the  shell.  Rusty  coloured  ferruginous  dolo¬ 
mites,  which  are  occasionally  found;  in  the  lower  division,  are  not  entirely 
absent  from  the  upper  one,  but  they  are  very  rare. 

There  is  said  to  be  a  somewhat  abrupt  lithological  change  from  the 
divisions  immediately  underlying  this,  but  there  is  no  corresponding  change 
of  the  fauna,  over  one-third  of  the  total  number  of  species  being  also  found 
at  a  lower  horizon.  The  fauna  is  a  very  extensive  one,  no  less  than  175 
species  having  been  recorded,  and  Dr.  Waagen  has  expressed  an  opinion 
that  this  number  might  be  doubled  by  systematic  search.1 

The  general  facies  of  the  fauna  is  permian,  though  only  eighteen  species 
have  been  found  elsewhere  in  beds  that  are  believed  to  be  of  permian  age, 
half  in  the  permian  of  Europe  and  half  in  Armenia.  But,  mixed  with  these 
palaeozoic  fossils,  there  are  numerous  forms  which  show  more  distinctly 
mesozoic  affinities  than  those  found  in  the  groups  below,2  Among  these  the 
most  remarkable  are  the  Ammonitidai  represented  by  Cyclolobus  oldhami, 
Arcestes  anliquus,  A.  priscus,  Xenodiscus  carbonarius,  X.  plica tits, 
Sagoceras  hauerianum.  When  these  were  discovered,  some  twenty  years 
ago,3  the  finding  of  well  characterised  ammonites  in  beds  containing  numer¬ 
ous  brachiopoda  of  palaeozoic  types,  and  believed  to  be  of  upper  carbonifer¬ 
ous  age  or  intermediate  between  that  and  the  permian,  was  regarded  as  so 
extraordinary  that  doubt  was  cast  on  the  accuracy  of  the  observation.  Sub¬ 
sequent  researches  have  shown  that,  even  if  we  exclude  all  the  species  having 
mesozoic  affinities,  there  is  nothing  in  the  fauna  to  warrant  us  in  assigning 
it  an  older  date  than  the  zechstein,  or  upper  permian,  of  Europe,  while  the 
presence  of  the  mesozoic  forms,  and  their  superposition  on  distinctly  per¬ 
mian  strata,  leads  us  to  regard  the  beds  as  even  newer  than  this.  The  presence 
of  true  ammonites  in  these  beds  bas  consequently  become  less  surprising 
than  it  was  at  first,  owing  on  the  one  hand, to  the  establishment  of  the  true 
age  of  the  Salt  range  Ammonitidai  as  uppermost  permian,  or  even  never, 
and  on  the  other,  to  the  subsequent  discovery  of  Cephalopoda  ciojeiy 
allied  to  the  Ammonitidai  in  upper  palmozoic  rocks. 

’Full  lists  will  be  found  in  Pal.  Mica,  j  2  Pal. /nrf.ca,  series  xiii,  IV,  213,  223,  (1891). 
series  xiii,  IV,  6d,  210,  221,  (1830-91).  i  *  Memoirs,  IX,  351,  (1872). 


lions.  No  actual  unconformity  between  these  beds  and  those  below  lias 
been  detected,  but  s  considerable  interval  of  time  probably  intervened 
between  the  deposition  sf  the  two,  for  only  seventeen  of  the  sixty-three 
species  are  also  found  in  the  beds  below,  and  there  is  a  complete  change 
in  the  type  ot  the  fauna  from  one  in  which  the  Brachiopoda  comprise  more 
than  half  the  total  number  of  species  and  the  Lamellibrandiiata  less  than 
one-tenth,  to  one  in  which  the  proportions  are  almost  exactly  reversed.  The 
fossils  are  all  described  as  more  or  less  rare,  except  Margaritiua  sekwe, - 
gert,  which  is  said  to  be  very  common.1 

The  general  type  of  the  fauna  is  distinctly  less  pataozoic  than 
any  ol  the  preceding  ones.  Only  four  species  Schisodux  rotundatus, 
Nucula  trivialis,  Pseudomonolis  radish's,  Aikyris  stib-expansa,  are 
identical  with  permian  forms  of  other  countries,  while  of  the  species 
peculiar  to  this  group  twenty-four  have  palaeozoic  affinities,  and  no  less 
than  twenty-two  are  allied  to  mesozoic  forms.  So  far  as  the  palaeon¬ 
tological  evidence  goes  we  arc  already  well  on  the  way  into  tile  secondary 
era,  even  if  the  beds  cannot  be  regarded  as  lowermost  trias  m  age,®  ' 

The  Chidru  group  closes  the  conformable  sequence  of  beds  containing 
palaeozoic  fossils.  No  unconformity  between  them  and  the  next  overlying 
beds  has  been  established  as  yet,  but  one  is  suggested  by  a  section, 
recorded  by  Dr.  Waagen,  in  which  the  mesozoic  beds  followed  immediately 
on  the'  upper  Productus  beds,  with  a  basal  conglomerate  but  without  the 
intervention  of  the  Chidru  group.®  However  this  may  be  there  must 
certainly  have  been  a  considerable  time  interval  between  the  two,  for  hot 
a  single  species  bridges  the  interval  and  is  found  both  above  and  below, 
the  separation  of  the  Chidru  group  and  the  ceratitc  beds  which-overlie  it. 

The  general  aspect  of  the  triassic  ceratite  beds  is  such  that  they  might 
easily  be  classed  with  the  Productus  beds,  the  succession  varies  much  as  to 
details,  but  consists  generally  o!  a  thin  limestone  with  Ceratites  at  the  base, 
succeeded  by  a  thick  marly  zone  which  yields  readily  to  weathering,  and 
tarns  a  light  greenish  colour.  It  is  overlaid  by  grey  sandstone,  and 
flaggy  limestone  with  many  ceratites,  passing  upwards  into  .grey  nodular 
marls  capped  by  hard  limestones  and  calcareous  sandstones.  Some  of  the 
bands  ot  limestone  contain  glauconite,  and  beds  of  conglomerate  occasion¬ 
ally  occur, 1 

Chvirsg  to  these  beds  having  been  at  first  confounded  with  the  under- 


lying  Productus  beds,  and  to  the  later  collections  not  having  as  yet  been 
described,  it  is  impossible  to  give  a  list  of  fossils.  Ceratites  abound  and, 
mostj  probably,  all  of  the  species  described  by  de  Kon'inck 1  are  from 
triassic  beds.  Besides  these,  which  are  the  characteristic  fos>ils  of  the  group 
species  of  Orthoceras,  Anoplophora ,  Cardinia,  Gervilia ,  and  Rhynconella 
are  found,  among  which  the  bivalves  predominate.  The  most  remarkable 
form,  however,  is  a  species  of  Bellerophon,  a  genus  not  known  to  otcur  in 
recks  of  later  than  palseozoic  age  in  Europe. 


In  the  central  Himalayas  there  is  no  marked  uneonformable  break 
between  the  lower  and  upper  palseozoic  rock  systems,  such  as  is  found  in 
the  Salt  range,  and  the  carboniferous  follows  with  perfect  conformity  on 
the  underlying  beds. 

The  oldest  rock  group  which  can  be  regarded  as  carboniferous  is  a 
crinoidal  limestone,  usually  red  in  colour.®  Mr.  Griesbach’s  collecfions  have 
not  yet  been  examined,  but  some  fossils  brought  by  Mr.  Hughes  from  a  white 
crinoid  limestone  in  the  Milam  pass  were  ound  by  Dr.  Waagen  to 
inciude; — s 

Hemiptychinn  himalayensis,  I  Sphifer  gUbtsr. 

Notothyrissulresicvlaris*  Productus  semireticnJatus. 

Athyris  roysni.  \  Lytfouia,  sp. 

The  horizon  of  this  fauna  is  regarded  by  Dr.  Waagen  as  about  that  of  the 
upper  portion  of  the  lower  Productus  beds.  The  crinoid  limestone  is  over¬ 
laid  by  a  series  of  fine  grained,  hard,  white, -quartzites,  in  (hick  beds  with  a 
few  shaly  partings,  which  were  originally  included  by  Dr.  Stoliczka  in  his 
Muth  series.  In  Spiti  they  are,  according  to  Mr.  Griesbacb  overlaid  by,  and 
partially  interstratified  with,  flaggy  dark  grey  to  blue  limestones,  which 
contain  Athyris  royssii,  and  Productus,  sp.,  marking  them  as  carboniferous 
in  age 

In  the  Sp:ti  valley  General  McMahon  has  recorded  the  occurrence,  in 
two  places,  of  beds  of  fine  grained  slate,  through  which-  small  rounded 
quartz  pebbles  'are  scattered.  The  similarity  of  this  bed  to  that  of  the 
Blaini  group,  which  will  be  described  further  on,  as  well  as  its  structure, 
are  suggestive  of  the  action  of  floating  ice.  1  he  exact  horizon  of  (lie  bed 
has  not  been  determined,  and  it  is  not  certain  whether  it  should  be  classed 
with  the  group  just  described,  or  that  which  overlies  it.1' 


Speaking  generally,  the  lower  part  of  the  central  II  mkiluyan  trias  jna 
be  described  as  a  series  of  very  dark,  almost  black,  hard  limestones  wit 
partings  of  sluitcsf  the  upper  part  varies  more,  being  represented  by  a  gres 
thickness  of  friable  sha  les  in  the  Niti  and  Milam  sections,  but  in  Spit]  an 
to  the  east  it  is  a  limestone  formation.  The  total  thickness  of  the  frias  i 
about  400O  feet  in  Niti,  but  probably  exceeds  that  to  the  east;  in  Spii 
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most  important  results  obtained  so  far,  according  to  the  distinguished 
paleontologists,  whose  names  it  would  be  uujusUo  couple  with  conclusions 
so  provisional  in  their  character,  are,  that  there  is  a  very  strongly  marked 
paleontological  break  between  the  Silurian  and  the  carboniferous,  .that,  in 
ihc  earbonilerous  beds  two  successive  faunas  can  be  recognised,  one  allied 
to  that  of  Australia,  the  other  to  the  I'rodnclns  fauna  of  the  Salt  range, 
and  that  the  beds  formerly  regarded  as  rhsctic  and  lias  should  be  classed 
with  the  trias,  leaving  a  distinct  paheontological  break  between  the  trias 
and  jura  of  the  central  Jlimdlayas.  The  publication  of  these  results,  which 
it  is  hoped  will  not  be  long  delayed,  will  be  a  most  important  addition  to  our 
knowledge  of  the  stratigraphy  of  the  central  Himalayas,  and  will  doubtless 
clear  up  many  of  the  inconsistencies  and  uncertainties  which  now  obscure  it.3. 


The  beds  which  have  been  just  described'  are  found  in  two  great 
basins  of  disturbance,  one  Of  which  stretches  along  the  north  of  Kumdun 
and  Garhwdl,  the  other  occupies  the  valleys  of  the  Spiti  and  Zanskar 
rivers  and  stretches  beyond  them  to  the  neighbourhood  of  Kartse.  -They 
are  found  again  in  the  Kashmir  valley,  but  before  proceeding  to  the  de¬ 
scription'  of  the  outcrops  it  will  be  best  to  turn  to  the  Simla  district. 

The  older  rock  systems  of  this  area  have  already  been  described  and 
we  now  come  to  that  which  has  been  named  the  carbonaceous  system.5 
The.  beds  of  this  system  present  certain  marked  peculiarities  by  which 
they  have  been  recognised  with  a  greater  or  less  degree  of  certainty  ovei 
a  large  area  south  of  the  snowy  range,  from  the  western  borders  of  Nepdi 
to  the  confines  of  Kashmir,  but  it  is  only  in  the  neighbourhood  of  Simla  - 
and  the  protected  hill  states  that  they  have  been  studied  in  any  detail. 

The  lowest  member  of  the  system  appears  to  be  part  of  what  has  al¬ 
ready  been  referred  to  under  the  name  of  Simla  slates.8  This  name  was 
applied  to  a  great  series  of  slates,  gritty  slates  and  quartzites,  in 
which  no  break  has  yet  been  detected,  though  it  is  highly  probable  that  one 
or  more  will  be  established  by  detailed  survey.  Whether  any  of  these 
beds  should.*  be  classed  with  the  carbonaceous  system  is  Open  to  doubt,  ‘ 
but  the  uppermost  ones  appear  to  be  perfectly  conformable  with  a  group' 
of  beds,  which  have  so  marked  an  individuality  that  they  are  of  trie  great-  ■ 
est  importance  in  unravelling  -the  complicated  structure  of  the  hills, 
and  in  establishing  the  homotasis  of  this  system.  The  characteristic 
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member  of  this  group,  which  Mr.  Medlicott  named  Blaini1  after  the 
stream  of  that  name,  flowing  westwards  from  Solan,  is  a  conglomeratic 
slate,  composed  of  rounded  pebbles  of  quartz,  ranging  up  to  the  size  of 
a  hen's  egg,  or,  in  other  cases,  angular  and  subangular  fragments  of  slate 
and  quartzite  of  all  sizes  up  to  some  feet  across,  which  are  scattered  at 
intervals  through  a  fine  grained  matrix.  It  contains  numerous  fragments  of 
the  volcanic  beds  of  the  Jaunaar  system,  where  exposed  in  the  neighbour¬ 
hood  of  their  outcrop  in  the  Naira  valley  in  eastern  Sinnur,  and  here  even 
the  matrix  has  much  the  appearance  of  a  volcanic  ash,3  though  as  a  rule 
there  is  not  the  slightest  trace  of  volcanic  material  either  in  the  matrix  or 
in  the  included  fragments.  This  remarkable  rock  has  been  observed 
from  east  of  Mussooree  at  intervals  to  beyond  Simla,  and  is  generally, 
though  not  invariably,  accompanied  by  a  band,  20  or  30  feet  thick,  of  thin 
bedded,  usually  pink,  dolomitic  limestone,  which  lies  on  top  of  the  zone  in 
which  the  beds  of  conglomeratic  slates  occur.  The  agency  by  which 
blocks  of  stone  were  dropped  over  so  large  an  area  into  a  tranquil  sea, 
in  which  alone  the  matrix  could  have  been  deposited,  must  have  been 
no  local  one,  and  the  only  one  that  appears  at  all  adequate  is  that  of 
floating  ice.  No  smoothed  and  striated  fragments  have  been  found  as  yet, 
though  one  is  occasionally  met  with  showing  striation  resembling  those  pro¬ 
duced  by  glaciers,  but  the  rock  has  invariably  undergone  much  compres¬ 
sion  and  disturbance,  at  times  accompanied  by  a  distortion  of  the  shape  of 
the  included  fragments,  which  might  account  either  for  the  obliteration  of 
distinctly  glaciated  surfaces,  or  for  the  production  of  those  scratches 
which  have  been  observed.  No  certain  conclusion  can,  consequently,  be 
drawn  from  the  occasional  presence,  or  general  absence,  of  striation,  but 
the  only  alternative  hypothesis,  that  the  rock  is  in  fact  the  volcanic  breccia 
which  at  times  it  resembles,  appears  to  be  excluded  by  the  infrequence  of 
volcanic  material  in  it,  and  the  absence  of  any  other  associated  volcanic 
beds,  while  the  included  fragments  are  too  mumerous  to  be  accounted  for  by 
the  action  of  floating  drift  wood. 

The  boulder  beds  are  overlaid  by  a  series  of  shales  or  slates,  charac¬ 
terised  by  the  greater  or  less  prevalence  of  carbonaceous  matter,  which 
were  originally  described  as  infra-Krol’,  from  the  fact  that  they  underlie  the 
limestone  of  the  Krol  mountain.  The  name  has  since  been  so  commonly 
used  in  the  publications  of  the  Geological  Survey  that,  in  spite  of  a  certain 
awkwardness,  it  cannot  well  be  abandoned  now. 

The  carbonaceous  impregnation  of  these  shales  is  very  irregularly  dis¬ 
tributed,  being  often  extremely  conspicuous,  especially  where  the  rock 
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zoic  age,  but  part  at  least  appear  to  be  more  properly  classed  with  the 
upper  palaeozoics. 

The  oldest  of  the  beds  with  which  we  are  at  present  concerned  is  a 
Conglomeratic  slate,  composed  of  subangular  fragments  and  rounded 
pebbles  of  slates  and  quartzites,  imbedded  in  a  matrix  of  fine  grained  slate. 
The  rock  is  in  every  way  similar  to  the  lllaiiii  group  of  the  Simla  area, 
and  the  same  arguments  in  favour  of  a  glacial  origin  are  applicable  in 
both  cases.  Besides  this,  the  Kashmir  boulder  bed  occupies  thesame 
position"  relative  to  fossiliferous  beds  of  carboniferous  age  as  the  glacial 
boulder  clay  of  the  Salt  range  does  relative  to  the  Produclus  beds,  and  as 
it  is  reasonable  to  suppose  that  the  extreme  cold  which  affected  the  one 
area  must  have  extended  to  the  other,  we  may  take  it  as  certain  that  the 
so  called  Banjul  conglomerate  is  also  of  glacial  origin. 

The  boulder  slate  is  overlaid  by  a  series  of  quartzites  and  black  car¬ 
bonaceous  slates,  in  the  upper  portion  of  which  there  is  an  abundance  of 
contemporaneous  volcanic  rock,  and  above  these  there  are  thin  bedded, 
light  blue  and  white  fossiliferous  limestones  from  which  a  number  of 
fossils  have  been  collected  by  different  observers.  The  following  list, 
quoted  on  the  authority  of  Mr.  Lydekker,  includes  all  those  known  up  to 


CisrHAiip.rojM-' 

Orthaceras,  sp. 

L.4  M  E  LLIBR  ASC  HIATA--* 

Avicnlopecten,  sp. 

Salenopsis,  sp, 

Bracriopoda — 

E  P.  Athyris  subtilitn. 

A.  E.  P.  „  roysdi. 

Cameraphoria ,  sp. 

Chonetes  (l)  austemann. 

A.  E.  „  hardrensis  var.  libe/Oh 
sis. 

„  ['£V1S. 

Disoina ■  hashmi  riensis < 


Rkyncoudla  larusiensis . 

„  kaskmiriends. 

E.  P.  ,,  pleurcxlon  var,  dams* 

Spirfer  barusiensis. 

,,  knshmiricr.sis. 

S.  „  keilhavii,  (V.  Raja). 

A,  P.  ,, .  nmosakhailsnsis. 

A,  P.  „  stn'aias. 

„  mrcheri. 

E.  A.  P.  Spiriferina  octoplicatn. 

E.  A.  P.  Strep torhynch us  cremstria. 

E.  A.  strophomena  romleidalis  var. 

Terebratula  ansi  e n  inn  i. 
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To  those  may  be  added  f.yilmiia ,  which,  according  to  Mr.  Lydekiseiyis 
seen  on  the  weathered  surface,  of  the  limestones.’  . 

In  flic  foregoing  list  the  letter  E  denotes  that  the  species  is  also. found; 
in  the  mountain  limestone  of  Europe,  A  in  the  marine  carbonife.-ons-.of..  i  ■: 
New  South  Wales,  P  in  the  Produebis  beds  of  the  Saltrange,  S  in-  the 
Killing  scries  of  Spiff.  The  determinations  are  all  on  the  authority--  of.  -  ' 
Dr.  Fcistmantel,  as  quoted  by  Mr.  Lydekker.  Dr.  Waagen,  who  has..;.- 
adopted  a  narrower  definition  of  a  species,  finds  only  two,  vis.-  Aihyris' 
subtilUa ,  Hnll.  =  Spivigerella  derhyi,  Waag.,  and  Spirifer  moosakhnilen~  . ;  / 
sis,  Dav..  identical  with  Salt  range  forms  2  Discina  kashmiriensis,  Day., 
is  said  to  be  almost  identical  with  D.  warthi,  Waag.,  from  the  beds  at  the 
base  of  the  speckled  sandstone,  and  Dr.Waagen  is  inclined  to  place  the  Kash*\ 
mfr  beds  at  a  horizon  intermediate  between  these  and  the  Productus  beds, 
representing  in  fact  part  of  the  nnfossiliferous  speckled  sandstone,-  The  / 
number  of  species  identical  with,  or  closely  allied  to,  Australian  forms  is  dis-*:  ■ . 
counted  by  the  fact  that  three-quarters  of  them  are  also  found  in  Europe, 
but  so  far  as  it  goes  is  more  in  accordance  with  Dr.  Waagea’s  correlation 
than  with  a  later  date,  and  we  may  conclude  that  the  carboniferous  fossili-  ' 
ferous  beds  of  Kashmir  are  somewhat  older  than  the  lower  Producius  -beds  - 
of  the  Salt  range.  »  *  •  '  ,  • 

The  carboniferous  of  Kashmir  is  overlaid  by  a  series  of  limestones,  ' 
exposed  in  synclinal  folds  of  various  sizes,  at  either  end  and  north  of  the  - 

valley.  They  are  the  equivalents  of  the  triassic  limestones  of  Spki. 
They  are  sparingly  fossiliferous,  and  though  a  considerable  number  of  - 
forms  have  been  obtained  from  them,  the  only  ones  specifically  identifiable' 
are  Ammonites  {Ptychitex)  gerardi,  Megalodon  giyphoides,  and  Spirifer 
stracheyi.  Besides  these,  stems  of  Crinoids ,  Orthaceras,  doubtful  CeratitAs  , 
and  Goniatitcs ,  and  several  genera  of  Gasteropoda  and  Corals,  all  more 
or  less  doubtful,  have  been  obtained.3  -  ' 

It  will  be  seen  from  the  descriptions  that  there  is  a  great-  similarity  • . 
between  the  sections  in  Kashmir  and  the  Simla  area.  In  both,  boulder- 
bearing  slates  of  presumably  glacial  origin  are  overlaid  by  a  series  of 
slates  and  quartzites,  characterised  by  a  carbonaceous  impregnation  and  by  •- 
the  presence  of  contemporaneous  volcanic  beds,  and  in  both  the  Uppermost  ,, 
member  is  a  limestone.  The  resemblances  are  not  mere  lithological  ones, 
between  rocks  such  as  have  always  been  in  process  of  formation  at  every  ‘  • 
period  of  the  earth’s  history.  ■  They  are  exhibited  by  rocks  which,  owe  their. 
origin  to  wide  reaching  causes  which  have  only  occasionally,  acted,  and‘  it-  1 
!;  difficult  to  resist  the  conclusion  that  they  are  evidence  of  the  contempor- -  ' 
aneous  origin  of  the  two  rock  series,  and  not  merely  accidental.  -  •  ' 

>  Records,  XVII,  37,  0^).  j  ’-Memoirs,  XtU,  158,  {iSS3),  - 

=  r«l.  Mica,  series  xHI,  IV,  166,  (1891).  j  •  '  ‘  ‘  ‘ ,  ,  -  ■  -  :  .X 
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The  country  intermediate: between  the  Simla  and  Kashmir  arcus. has  not 
as  yet  been  examined  in  any  detail,  but  wc  know  from  Colonel  McMahon's 
descriptions  that  similar  carbonaceous  beds  with  associated  volcanic 
basaltic  traps,  underlaid  by  a  conglomeratic  slate  resembling  the  Bhilai  of 
theSlmla  area,  are  found  in  Cbamba  and  near  Dalhousie1 

These  observations  servo  to  link  tire  Kashmir  and  Simla  sections  and 
strengthen  the  conclusion  that  was  based  on  lithological  resemblances.  It 
has  not  as  yet  been  corroborated  by  the  discovery  of  fossils  in  the  south¬ 
eastern  area,  though  the  rocks  are  in  many  places  perfectly  adapted 
for  the  preservation  of  organic  remains.  Even  in  Kashmir  territory,  onco 
the  drainage  area  of  the  valley  is  left,  fossils  become  rare.  As  we  go  south- 
eastwards  they  become  more  and  inure  sporadic  in  their  occurrence,  and, 
except  iu  one  small  area  in  western  Garhwdl,?  not  a  single  fossil  of  older 
date  than  tertiary  has  yet  been  found  south  of  the  first  snowy  range i 

The  correlation  of  the  beds  of  the  carbonaceous  system  has  long  been  a 
stumbling  block  In  the  way  of  our  knowledge  of  Himalayan  geology.  When 
Dr.  Stoliczka  visited  Spiti  in  1864,  the  rock  systems  below  the  Blaini  had 
not  been  identified,  and  the  section  along  the  road  through  Simla  was 
believed  to  represent  pretty  fully  tlie-secjuencc  of  stratified  rocks  in  the 
lower  hlimdlayas.  He  attempted  accordingly  to  distribute  the  beds  of  the 
Simla  section  over  the  section  seen  in  Spiti,  and  suggested  that  the 
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of  its  being  carboniferous  or  permian,  is  quoted  as  supporting  the.  view 
which  be  combated.1  '  '  .  - 

The  other  correlations  of  Or.  Stoliczka,  of  the  quartzites  of  Boileaugahj 
with  the  Ruling,  and  of  the  Rrol  with  the  Lilang  limestone  of  Spiti,  are  prob-,, 
ably  correct,  and  curiously  enough  an  apparent  confirmation  was  published,' 
about  the  same  time  as  his  memoir,  in  Professor  GumbeFs  descriptioh'of  a' 
specimen  from  the  Schlagintwe.it  collection,  said  to  have  been  obtained  at' , 
Dharampur  near  Solan  in  the  Simla  district,  containing  three  .  fossils, 
Lima  linmta  and  Natica  gaillardoti,  found  also  in  the  Muschelkalk  of 
Europe,  and  a  new  species,  JV.simlaensis.  Dharampur  in  the. neighbour-', 
hood  indicated  is,  however,  a  well  known  locality  on  tertiary '  rocks, 
and  specimen  in  question  must  have  come  from  a  totally  distinct  ground, 
probably  in  Tibet, 

In  the  Kdgdn  and  Kishengangd  valleys,  north-west  of  Kashmir,  there 
are  a  number  of  small  outcrops  of  carbonaceous  slates,  Overlaid  by  white  or 
buff  crystalline  limestone,  folded  into  the  gneiss  and  schists.8  They,  are' 
probably  representatives  of  the  upper  palaeozoic  and  triassic  rocks  of  Kash¬ 
mir.  They  have  not  been  closely  examined  or  surveyed,  and  are  mentioned  ■ 
here  merely  as  indications  of  the  former  extension  of  these  rocks,  and  as 
occupying  a  geographical  position  intermediate  between  the  carbon-trias 
of  Kashmir  and  of  the  Hazdra  district  of  the  Punjab. 

At  the  extreme  north-western  extremity  of  the  Himalayas,  fossi- 
lifcrous  rocks  are  found  south  of  the  snowy  ranges  in  the  district  of. 
Iiazdra.  No  fossiiiferous  beds  of  carboniferous  age  have  yet  been  -identi¬ 
fied  in  this  corner  of  the  Punjab,  and  the  only  indication,  of  their  pre¬ 
sence,  west  of  the  Jehlani  and  north  of  the  Salt  range,-  is  the  dis: 
covery,  by  Mr.  Lydekker,  of  Produclus  humboldti  in .  a  loose  block  of  - 
limestone  near  Hasan  AbddlA  The  age  of  the  rocks  underlying  the 
triassic  group  of  the  Sirban  mountain  near  Abbottdbdd  is  uncertain,  but 
they  are  quite  uncon formable  to  the  underlying  Aitoek  slates,  and  lhav  be. , 
caiboniferous.  They  comprise  two  divisions  ;  the  lower  consists, of  sand¬ 
stones,  shales,  and  silicious  limestones,  ali  red  in  colour,  with  an  argilla¬ 
ceous  breccia,  full  of  fragments  derived  from  the  underlying  rocks  at  its 
base,  but  the  published  descriptions  arc  insufficient  to  determine  whether 
this  may  or  may  not  represent  the  glacial  boulder  bed  at  the1  base  of  the 
carboniferous  in  the  Salt  range  and  in  Kashmir.-  The  upper. division  id- 
composed  of  dolomites  only,  lighter  in  colour  than  the  lower  beds,'  often- 
highly  silicious  and  of  considerable  thickness.  These  dolomites  are  over-  .- 
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laid  by  a  group  of  hsemaliiic  rocks,  quartz  breccias,  sandstones,  and  sbale8 
which  may  belong  to  the  trias.1 

In  western  Hazara  there  is  a  great  series  of  much  contorted  rocks  to 
which  Mr.  Wynne  has  given  the  name  of  TahSwal  (Tanol),2  from  the  name 
of  the  district  they  are  found  in  .  They  comprise  an  enormous  thickness  of 
grey  and  drab  quartzites  and  quartzose  beds,  in  rapid  alternation  with  dark 
earthy  beds,  flaggy,  shaly  or  slightly  schistose,  associated  with  conglome¬ 
ratic  slates  containing  pebbles  of  quartz  and  quartzite,  ranging  up  to 
the  size  of  a  goose’s  egg.  In  the  synclinal  folds  are  thick  zones  of  various 
coloured  pseudo-brecciated,  silicious,  cberty  or  compact,  grey,  black  and 
buff  dolomitic  limestones,  with  which  are  occasionally  associated  intensely 
black  graphitic  and  sulphurous  shales,  or  else  purple  and  red  sandstones 
and  slaty  bands. 

These  rocks,  whose  general  description  accords  fairly  well  with  that  of 
the  carbonaceous  system  of  the  Simla  region,  are  regarded  as  the  equi¬ 
valent  of  the  beds  below  the  trias  of  the  Sirban  mountain,  chiefly  on  ac¬ 
count  of  their  superposition  and  probable  unconformity  to  the  Attock  slates, 
and  partly  because  of  the  occurrence  of  red  and  purple  slates  and  quartz¬ 
ites  at  the  base  of  each. 

Triassic  rocks  attain  a  great  development  in  Hazara,  being  1,500  to 
2,000  feet  thick  in  the  Sirban  mountain,  and  some  3,000  to  4,00.0  feet  near 
Khanpur.  Owing  to  the  disturbance  they  have  undergone  they  .occupy 
a  number  of  small  exposures,  too  small  to  be  shown  on  the  map,  in  the  areas 
coloured  as  silurian  and  nunnnulitic,  respectively.  In  the  Sirban  mountain 
they  consist  chiefly  of  black  or  daik  grey,  distinctly  bedded,  limestone- 
with  thick  zones  of  massive  dolomite,  some  of  which  contain  numerous 
opaque  laminae  of  quartz.  Near  AbbottabAd,  where  the  series  is  complete, 
dolomites  form  the  lowest  beds,  and  are  followed  bv  thin  bedded,  fossilifer- 
ous  limestones,  containing  Mcgalodon ,  Diccrccardium,  Chemnitsia,  and 
Gervilia.  The  dolomites  are  not  always  present,  and  the  base  of  the  series 
may  be  formed  by  the  limestones,  which  are  succeeded  by  quartzites  and 
dolomites  of  considerable  thickness,  again  overlaid  by  thin  bedded  lime¬ 
stones  and  slaty  shales  containing  Kerinca,  Net  itepsis,  Asfartt ,  Gp:s, 
Nucula,  Leda,  and  Ostrca? 

The  other  exposures  of  triassic  rocks  in  IlatArn,  while  exhibiting  seme 
variations,  do  not  differ  essentially  from  those  of  (he  Sirban  munition,  ami 
it  is  not  certain  how  far  the  diflen  nees  whit  h  hare  bn  n  ..bsnu  d  may  be 
only  due  to  the  obscuring  effect  of  the  hit<  n*t  ili.M  urban*  e  they  bate 
undergone.4 
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of  the  Ffr  Panjdi  fincl  DMoIa  Dhrfr  ranges,  but  no  fossils  luve  so  far  been  J 
found,  except  some;  obscure,  gasteropoda  in  the  Jehlam  valley.  They  are  of  -i- 
Lhe  ordinary  Kashmir  type  of  quartzites  and  carbonaceous  slates,  underlaid  < 
by  the  boulder  bearing  slates  and  overlaid  by  limestones.  There  are  some' 
miters- .of  massive  grey  limestone  in  the  ter  Li  ary  area,  which  are  faulted  up  , 
on  their  south-west  side.  No  fossils  have  been  found  in  the  limestone,  ' 
whichis bedded, compact,  dark  grey  to  black  in  colour,  resembling  the 
limestones  of  the  Himalayas,  and  is  probably  of  fcriassic  age  or  older.  They  > 
have  been  coloured  brown  on  the  map,  as  that  represents  their  most/ 
probable  age,  but  it  must,  not  be  left  out  of  sight  that  they  may  well  belong  " 
to  the  older,  precarboniferous  scries  of  limestones  of  the  Himalayas  or  J 
to  a  later  post-triassie  age,1 

To  the  north  of  Kashmir  a  series  of  limestones,  slates,  and  quartzites, 
are  found  north  of  Iskardo  (Skatdo)  in  Baltistihi,  winch  are  probably  triassic  • 


Lh  a  reddish  tint,  and  some  of  the  layers  arc  calcareous..  Some  of  lire 
more  soft  and  earthy  beds  contain  marine  fossils.  Over  these  sandstones 
occur  grey  shaly  beds,  also  sometimes  calcareous  "and  fossiljferons,  with" 
occasional  beds  cf  dark  sandstone,  then  come  150  to  aoo  feet  of  fine  sdft 
sandstone,  thinly  bedded,  with  grey  and  pinkish  shaly  layers  intercalated, 
and  upon  these  again,  hard  thick  limestone.  The ■  fossils  found  appeared 
to  be  of  carboniferous  age,  Spirifer  and  Productus  being  the  commonest' 
forms,  but  the  species  have  not  been  determined,  and  it  is  rare  to  obtain 
specimens  in  a  state  suitable  lor  identification. 

The  thickness  of  these  beds  is  estimated  at ’about  5,000  feet,  exclusive ' 
of  the  limestone,  which  is  itself  1,100  feet  thick  near  Maulmain. 

Near  Maulmain  the  limestone  is  extremely  conspicuous,  and.  forms 
large  hills  and  ranges,  extending  far  to  the  south-south-east  up  the  'valley 
of  the  Altaran  and  ZamL  The  same  rock  occurs  east  of  the  Sahvin,  but  ‘ 
does  not  extend  far  into  Martaban,  and  is  wanting  in  the  Sittaung 
valley.  Farther  up  the  Sahvin,  however,  in  Karen-ni,  and  elsewhere 
beyond  the  British  frontier,  large  tracts  of  limestone  occur,  probably  be¬ 
longing  to  the  carboniferous  series.  Limestone  is  said  to  abound  in  the 
Mergui  archipelago,  and  may  very  probably  be,  in  parts  at'  least,  identical 
with  that  found  near  Maulmain.1  ’  '  ' 


Besides  the  rocks  already  described,  which  can  be  ascribed  to  a  car¬ 
boniferous  or  triassic  age  with  more  or  less  certainty,  thereare  some  rocks 
coloured  brown  on  the  accompanying  map,  in  south-east  Afghanistan  and' 
in  the  hills  east  of  India  proper,  whose  true  age  is  doubtful;  -  '  : 

The  first  of  these,  areas  to  be  dealt  with  is  in  southern.  Afghanistan,' 
where  some  unfossiliferous  slates  have  been  coloured  on  the  map  as 
carbon-trias.  They  form  the  Khwdja  A  bran  range,  the  hills  north  of  "the 
Pishin  valley,  and  on  either  side  of  the  upper  Zhob  valley;  They  ate 
slates  and  quartzites,  whose  similarity  to  the  slates  of  the  Simla  area 
lias  more  than  once  been  noticed.  In  the  first  published  description' 
they  were  regarded  as  a  flyscb  type  of  the  nummulitic  shales  and  lime¬ 
stones  to  the  east  of  Quetta.2  Subsequently  the  same  observer  considered  ' 
that  they  were  more  probably  lower  cretaceous,3  but  in  the  absence  of  fossil 
evidence  there  is  no  more  ground  for  this  than  almost  any  other  corre¬ 
lation,  One  thing  seems  certain,  that  they  are  not- altered  nuramulitics, 
for  near  Spira  Raga,  on  the  frontier  road  to  Pishfn,  the  same  beds  are 


the  western,  or  Arakan,  side  of  the  range  seem,  on  Hie  .whole,  less  altered 
than  those  on  the  eastern,  or  Pegu,  slope,  and  unaltered  numtnuliuc 
rocks  appear,  on  both  sides  throughout  a  great  part  of  the  area,  although 
not  continuously  on  the  outer  spurs.  '  ... 

The  crushed,  hardened,  and  somewhat  altered  rocks  of  the  Arakan 
Yoma  were  originally  separated  by  Mr.  Theobald  from  the  newcr-lookihg- 
nummulitics  under  the  name  of,  axials,  and  considered  as  comprising  ■ 
the  oldest  tertiary  beds  and  their  immediate  predecessors  in  the  series. 
Although  there  is  a  well  marked  difference  between  the  nummulitic  beds 
and  the  axials,  there  is  no  distinct  break  between  them.  The  two  pre-  - 
sent  an  appearance  of  conformity,  and  it  is  far  from  clear  that  some  of  the'' 
axials  are  not  merely  nummulitic  strata,  greatly  crushed  and  contorted. 
But  subsequent  to  the  preliminary  examination  of  the  area,  a  cretace¬ 
ous  ammonite  was  found  in  Arakan,  and  amongst  some  rather  obscure  - 
fossils  discovered  near  the  former  frontier  of  British  and  Native  Burma,  west- 
of  Thayetmyo,  were  a  few  specimens  referred  by  Dr.  Stoliczka  to  the 
typically  upper  triassic  Halobia  lommeli.  It  became,  therefore,  neces¬ 
sary  to  distinguish  both  triassic  and  cretaceous  beds  amongst  the  axial 
rocks  of  the  Arakan  range.  ,  ;  * 

To  the  former  has  been  referred  a  series  of  hard  sandstones  and 
shales,  with  grits  and  conglomerates,  and  a  few  bands  of  impure  lime¬ 
stone,  which  form  the  crest  of  the  Arakan  range  at  the  old  frontier  - 
of  Lower  Burma,  and  extend  southward,  nearly  to  the  parallel  of  Prorae, 
The  only  characteristic  beds  are  some  white  speckled  grits,  interbedded 
with  shales  and  sandstones,  and  attaining  a  thickness  of  1,300  feet,  in 
the  HI wa  (Lob wa)  stream,  35  miles  west  of  Thayetmyo  ;  a  band  of  dark  . 
blue  shale,  part  of  which  is  calcareous,  33  feet  thick  below  the  giits  with" 
conglomerate  ;  and  some  thick  bedded  shales,  passing  into  massive-sandy 
shales  with  hard  nodules  interspersed,  attaining  a  thickness  of  no  feet,  - 
and  containing  -a  Cardita  and  some  undetermined  Gasteropoda.  The 
calcareous  conglomerate  passes  into  a  rubbly  limestone,  and  appears  - 
identical  with  the  beds  containing  the  supposed  Halobia  lommeli. ^ '  To  the 
northward  a  band  of  limestone,  much  thicker  and-purer  than  that  of.  the’ 
Hlwa  stream,  has  been  traced  in  several  places.  The  speckled  grits  and 
conglomerates  are,  however,  more  conspicuous  and  more  characteristic, 
and  it  is  mainly  by  means  of  them  that  the  area  of  supposed  triassic  beds 
was  mapped,  .  '  . 

The  whole  thickness  of  the  group  appears  to  be  rather  less  than  6,000- ■ 
feet,  the  characteristic  beds  just  noticed  being  near,  but  not  at  the 'base  of- 
the  group.  To  the  eastward  these  beds  are  in  contact  with  nummulitic. 
strata ;  to  the  westward  it  is  believed  that  cretaceous  beds  come'  in,  but  tlie  ' 
country  is  difficult  of  access,  and  has  not  been  surveyed.  The  area  occur  ■■ 
pied  within  the  limits  of  Lower  Burma  is  elongately  triangular,  broad fcst. 
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probability  the  serpentine  and  greenstone  outbursts  were  origin al  1  v  the 
same  or  nearly  the  same,  and  the  former  rock  has  undergone  a  chemical 
change. 

In  the  neighbourhood  of  some  of  the  larger  masses  of  serpentine  the 
sandstones  and  shales  are  converted  into  greenstone  and  chloritic  schist, 
but  the  effect  varies,  and  in  some  instances  the  neighbouring  rocks  appear 
almost  unaltered.  It  is,  however,  worthy  of  notice  that,  except  far  to  the 
northwards,  all  the  outbursts  of  serpentine  appear  confined  to  the  Pegu, 
or  eastern,  side  of  the  range,  and  that,  as  has  already  been  stated,  the  rocks 
on  this  exhibit,  as  a  rule,  more  alteration  than  those  on  the  western 
slopes  of  Arakan.  To  the  northward,  near  the  northern  frontier  of  Pe°-u, 
serpentine  occurs  on  the  highest  hills  of  the  Yorna,  and,  in  one  instance 
at  least,  on  the  western  side,  but  elsewhere  all  the  outbursts  detected 
are  not  only  east  of  the  main  range,  but  near  the  eastern  limit  of  the  hill 
rocks.  Not  a  single  intrusion  has  been  detected  in  the  unaltered  num- 
nuilitio  rocks. 

It  is  unnecessary  to  describe  the  distribution  of  the  serpentine  masses 
in  any  detail.  They  are  principally  collected  in  three  groups,  the  most 
northern  of  which  consists  of  the  largest  mass  known,  a  horseshoe  shaped 
intrusion,  some  five  miles  in  length,  forming  the  Bidoung  hill,  nearly  due 
west  of  Thayetmyo.  Several  masses  occur  north-north-west  of  Prome, 
and  one  of  these,  forming  a  long  dykelike  mass  for  about  five  miles 
along  the  boundary  between  the  nummulitics  and  the  supposed  trias, 
appears  to  alter  the  triassic  rocks,  but  not  the  nummulitic  beds,  although 
the  latter  are  greatly  crushed.  Probably  the  difference  is  owing  to  the 
eastern  boundary  being  a  fault.  The  third  group  is  west  of  Henzada,  where 
twenty-one  distinct  and  isolated  intrusions  occur,  scattered  over  a  length  of 
twenty-six  miles  from  north  to  south,  close  to  the  edge  of  the  unaltered 
nummulitic  area.  The  largest  of  these  masses  is  about  three  miles  long 
by  perhaps  half  a  mile  broad,  but  the  majority  are  less  than  a  mile  in 
diameter.  Besides  the  principal  grouos  a  few  small  and  unimportant 
outbursts  are  found  isolated  here  and  there,  but  none  are  found  south 
of  the  area  west  of  Henzada. 


Further  north  a  series  of  slates  and  indurated  sandstones,  which  very 
much  resemble  the  axial  beds  of  Burma,  is  found  in  Manipur.  They 
occupy  the  hills  surrounding  the  valley  of  Manipur,  and  are  penetrated  by 
intrusive  serpentine  of  the  same  type  as  in  Burma.  The  intrusions,  more¬ 
over,  are  confined  to  he  neighbourhood  of  the  eastern  limit  of  the  hill  rocks. 
Our  only  information  regarding  the  geology  of  Manipur1  is  derived  from 

1  Memoirs,  XIX,  217,(1883). 
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Daphid  hills,1  RcprcsenUijvos  of  the  highest  Gondwdaa  groups  are  found  ' 
in  Gulch,  resting  upon  marine  Jurassic  rocks  and  capped  by  neocomian  ‘ 
beds;  some  rocks  containing  plant  remains,  which  underlie  jurassic--" ■' 
limestones  in  the  desert  between  the  Indus  and  the  Ardvallis,  closely  ■ 
resemble  portions  of  the  Gondwdaa  series  in  lithological  characters.-  ■  • 
while  representatives  of  beds  high  in  the  Gondwdna  series,  in  this  case  . 
frequently  containing  marine  fossils,  extend  down  the  east  coast.-  But, "  ' 
with  these  exceptions,  no  representatives  of  the  system  are  found  in  the 
Peninsula  north  of  the  valleys  of  the  Narhadd  3  and  Son,  nor  south-west 
of  a  line  drawn  from  the  sea  at  Masuli  patam  through  ICamamet  'and 
Warangiil,  north-east  of  Haidardbdd,  till  it  enters  the  trap  area  near 
Niraial.  The  main  areas  of  Gondwdna  rocks  are  in  the  Rfjmahdl' hills 
and  Ddmodar  valley  in  Bengal,  the  Tributary  Mahdls  of  Orissa,  Chhaihs- 
garh,  Chutrd  Ndgpur,  the  upper  Son  valley,  the  Sdtpura  range  .south  of  • 
the  Narbadd  valley,  and  the  Goddvari  basin.  ,  -  . , 

It  has  already  been  mentioned  that,  wi  th  the  few  exceptions  noted,  the  - 
whole  of  the  Gondwana  series  is  believed  to  consist  of  strata  deposited  in 
fresh  water,  and  the  only  question  which  arises  is  whether  the.  beds- arc  . 
lacustrine  or  fluviatile.  The  coarseness  of  the  rocks  in  general,  the  pre¬ 
valence  of  sandstones,  and  the  frequent  occurrence  of  bands  of  conglo-  - 
merate,  render  it  improbable  that  these  strata  are  of  lacustrine  origin,,  while 
the  absence  of  mollusca  almost  throughout  is,  on  the  whole,  rather  more  ‘ 
consistent  with  river  than  lake  deposits,  although  it  is  difficult  to  account 
for  on  either  hypothesis.  The  few  fish  and  reptiles  which  occur  might  have  . 
inhabited  either  lakes  or  rivers,  and  the  Estherise,  which  are  common  in 
several  subdivisions  of  the  series,  might  either  have  lived  in  lakes  or  in  . 
the  great  pools  and  marshes  which  often,  occupy  so  large  an  area  in  broad  • 
river  valleys.  The  plants  might  have  been  preserved  amongst  .either 
lacustrine  or  fluviatile  deposits,  except  that  it  is  difficult,  to  conceive,  the  . 
formation  of  beds  of  coal  at  the  bottom  of  lakes. '  It  is  more  probable  that 
the  coal  originated  in  marshy  forests,  such  as  frequently  occur  in  the  valley 
plains  of  rivers.  The  physical  characters  of  the  strata,  the  frequent  alter¬ 
nation  of  coarse  and  fine  beds,  the  frequency. of  current  marking  on  the 
Oner  shales  and  of  oblique  lain!  nation,  due  to  deposition  by  a  'current,-  ;in 
the  coarser  sandstones,  and  the  circumstance  of  the  upper  portions  of  a  ' 
bed,  such  as  a  coal  seam,  being  locally  worn,  and  denuded  when  a  coarse 

1  Mallet,  Memoirs,  Vol.  XI,  14,  (1874)  ;  ]  probable,  it  has  not  been  confirmed  by  the 
Godwin -Austen,  four.  As.  Soc.  Bmg.,  XL1V,  i-  discovery , of  fossils.  .1  '  ■ 

pt.  »i,  37.  0875);  La  Touche,  Records,  J  2. Outcrops  have  been  found  north  of  the  river 
XVIII, 121 ,(tSSs).  Perhaps  the  occurrence  of  a  Narbada  westward  of  Hosbangahad,  but.  far. 
representative  of  the  Rdimahal  stratified  traps  south  of  the  watershed.  Ti,e  Narbada,  above 
on  the  flanks  of  the  Khasi  hills  might  be  the  neighbourhood  of  Jabaipnr,  runs, south  of  . 
quoted  as  another  instance,  but  though  the  the  general  line  of  division,  and  GondMim' 
kh-utifioi boo  0:  the  two  sets  of  bods  is  highly  rocks  occur  north  of  the  river.-,  -  .  " 
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deuudalion,  and  has  no  ncceasaiy  connection  with,  their  original  ureas  of." -  ' 
deposition. 

A  different  view  is  held  by  others.  They  consider  that,  with  a  few  ex-  i  ; 
eeptions,  the  re  is  no  sufficient  evidence  of  faulting,  that  the' appearance  , 
of  straightness  in  the  boundaries  is  partly  fallacious  and  due  to  the  rocks  ,  ■ 
being  ill  seen  at  the  surface,  that  the  abrupt  boundaries  are  caused  by  the  -" 
deposition  of  the  Gondwdna  rocks  against  cliffs  forming  the  original  sides  ■  V 
of  river  valleys,  and  that  the  present  disposition  of  the  beds  is  a,  close 
approximation  to  that  of  the  original  areas  in  which  they  were  deposited.' 
They  consider  further  that  the  vertical  development  .of  the  different  groups  ■ 
varies  so  much  within  small  distances  that  there  is  no  reason  to  believe  that 
any  great  thickness  of  beds  abuts  against  the  abrupt  cliff  like  boundaries, 
and  that  there  is  evidence  in  some  cases  that  the  different  groups,  thin.'  : 
out  towards  the  margins  of  the  existing  basins.  They  conclude  that  the 
present  rirer  valleys  differ  but  little  from  those  which  existed  in  mesozoic  "  ’ 
times. 

It  is  possible  that  there  may  be  some  truth  in  both  views.  It  should  •. 
be  remembered  that  the  conflict  of  opinion  in  this  case  is  Between  .ob¬ 
servers  who  have  chiefly  been  engaged  in  mapping  widely  separated  ■ 
regions.  The  view  that  the  present  basins  closely  correspond  to"  ancient  • ■ 
areas  of  deposition  being,  supported  chiefly  by  observations  made  in. the 
Sou  and  Narbadd  valleys,  and  the  opposite  opinion,  that  the  present  Goiul- 
wana  basins  are  chiefly  due  to  faulting,  being  held -  by.- geologists  who 
have  especially  studied  the  Gondu&na  rocks  of  Bengal,  Orissa,  ana*  the- 
Goddvari  valley.  The  strongest  arguments  against  .the  existence  of 
faults  along  the  abrupt  boundaries  of  the  various  Gomiwana  fields  is. 
founded  on  the  fact  that,  in  the  Satpura  field  to  the  south  of  the  Narbada  , 
valley,  certain  o.f  the  uppermost  Gondwdna  beds  overlap  the  boundary, 
but  this  may  be  due  to  the  circumstance  that  the  supposed  line  of-  fault,, 
which  cuts  off  the  field  on  the  northward  throughout  the  greater  portion ' 
of  its  extent,  is  more  ancient  than  the  topmost  groups  of  the  Gondwdna 
series.  A  difficulty  in  the  way  of  admitting  that  the  .abrupt  bound-,  , 
aries  of  the  Datnodar  fields  are  due  to  deposition  against  inland  cliffs 
is  to  be  found  in  the  improbability  that  all  such  precipices  should  he  found, ' 
on  one  side  of  a  river  valley,  while  there ‘are  smile  important'  observations 
in  favour  of  the  limits  of  the  basins  in.  the'  Damodar  valley'  being  due  to  ' 
disturbance.  Taichirand  Damuda  beds  are  found  on  the  Hazdribagh  table- 
land,  immediately  north  of  the  Ddmodar  valley,  at  a  height  of  about  i.oco  '  = 
feet  above  the  surface  of  the  same  rocks  in.  the  valley  itself,-  and  the 
presence  of  fragments,  apparently  derived  from  lower  Gondwdua  beds,  In  • 
a  conglomerate  at  a  similar  cr  higher  elevation  on  the  Cluitia  Nagpur 
highland  to  the  southward  points  to  the  former  existence  of ’the  parent 
reck  at  a  still  greater  elevation,  in  either  case  there  is  evidence  .-pi/-” 
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disturbance  for  the  low  level  exposun  s  must  have  been  depressed,  or  the 
high  level  ones  elevated  ;  in  other  words,  the  Gondwanas  must  have  under¬ 
gone  disturbance  since  they  were  deposited,  and  this  disturbance  cannot 
have  been  without  effect  on  the  present  limitation  of  the  outcrops. 


The  tracts  of  country  occupied  by  rocks  of  the  Gondwdna  series  are, 
as  a  rule,  covered  with  a  poor  sandy  soil  and  ill  suited  for  cultivation.  The 
result  is  that,  in  many  parts  of  India,  they  form  wild  uninhabited  forests. 
Such  tracts  are  always  the  last  to  be  surveyed  topographically,  and,  as  a 
rule,  minor  details  ace  omitted  cn  the  maps  prepared.  Moreover  the  upper 
Gondwdna  recks  are  principally  sandstones  and  decompose  readily  into 
loose  sand,  which  covers  the  whole  surface  of  the  country  and  greatly 
conceals  the  rocks.  These  two  circumstances — deficiency  of  maps  and 
concealment  of  the  surface— have  combined  to  delay  the  geological  sur¬ 
vey  of  the  upper  Gondwdna  formations,  and  to  render  the  examination 
of  the  beds  exceptionally  tedious  and  difficult. 

The  groups  of  which  the  Gondndua  system  is  composed  vary  greatly, 
both  in  number  and  mineral  character,  in  the  several  isolated  areas  in 
which  they  are  found,  the  variation  being  much  greater  amongst  the  middle 
and  upper  than  amongst  the  lower  members  of  the  series.  The  two 
lowest  Gondvvdna  groups,  the  Takhir  and  Barakar,  which  consist  largely 
of  shales,  whilst  the  uppermost  formations  are  chiefly  composed  of  coarse 
sandstone,  grit,  and  conglomerate,  preserve  their  mineral  character  almost 
unchanged  throughout  the  area  in  which  the  lower  Gondwdna  beds  are 
known  to  occur. 

The  system  may  be  divided  into  an  upper  and  a  lower  series,  the  dis¬ 
tinction  having  been  first  established  in  western  Bengal,  where  it  is  of  a 
most  trenchant  nature,  characterised  by  a  marked  strati  graphical  discord¬ 
ance,  by  an  almost  complete  absence  of  any  species  common  to  the 
two  divisions,  and  an  utter  change  in  the  type  of  the  flora,  equisetaceous 
plants  prevailing  in  the  lower  subdivision,  and  cycads  and  conifers  in 
the  upper, 1  ferns  being  found  commonly  in  both.  Some  Equisetace.se 
occur,  however,  in  the  upper  Gondwdnas,  and  several  species  of  cycads 
and  conifers  in  the  lower,  but  the  genera  are  in  most  cases  distinct  in 
the  two  subdivisions.  As  the  examination  of  the  Gondwdna  system  in 
the  Sdtpura  ranges  and  in  south  Revvd  has  progressed,  it  has  been  found 
that  the  stratigraphical  break  there  is  not  nearly  so  marked,  and  it  is  pos¬ 
sible  that  a  number  of  distinct  floras  will  ultimately  be  found,  bridging  over 
the  gap  in  western  Bengal. 


Table  showing  the  probable  representation  of  the  Gondwdna  groups  by  each 
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I.— The  Lower  GondwAna  Series. 

T  lie  lowest  member  of  the  Gondiv^na  system  is  known  as  the  Takhir 
group,  thus  named  from  its  having  been  first  clearly  distinguished  in  the 
small  district  of  TAIcher1  one  of  the  tributary  mahdls  of  Orissa.  When 
present— and  it  is  rarely  absent  over  a  large  area— this  group  forms  the 
base  of  the  GondwAna  series,  and  consists  in  general  of  fine  silty  shales 
and  fine  soft  sandstone.  The  shales  are  usually  of  a  greenish  grey’or  olive 
colour,  sometimes  slaty.  They  are  of  exceedingly  fine  texture,  traversed 
by  innumerable  joints,  and  break  up  into  minute,  thin,  angular  frag¬ 
ments,  sometimes  elongate  or  acicular,  w  hich  cover  the  surface  of  the  ground 
in  places.  Occasionally  the  shales  nave  a  dull  Indian  red  colour,  but  this  is 
not  common,  They  are  frequently  mentioned  in  the  Survey  reports  under 
the  name  of  mudstones  and  needleshales.  Not  unfrequently  they  are  some¬ 
what  calcareous,  and  in  some  places  large  concretionary  masses  of  impure 
carbonate  of  lime  have  been  found  amongst  them. 

The  most  characteristic  sandstones  are  soft,  fine,  and  homogeneous 
in  texture,  composed  chiefly  of  quartz  and  undecomposed  pink  felspar,  and 
in  colour  pale  greenish  grey,  buff,  or  pale  pinkish,  almost  of  a  flesh  tint, 
They  are  frequently  rather  massive,  though  distinctly  stratified,  but  they  are 
also  commonly  interstratified  in  thin  layers  wbth  the  shales.  In  many 
places  they  break  up,  w'here  exposed  on  the  surface,  into  polygonal  frag¬ 
ments,  three  or  four  inches  across,  whence  they  have  been  called  tesselated 
sandstones. 

These  beds  pass  into  coarser  sandstones  of  less  marked  character, 
which  vary  in  colour,  and  are  sometimes,  though  rarely,  conglomeratic, 
it  is  an  almost  invariable  rule,  contrary  to  what  is  found  to  be  the  case 
in  most  rocks,  that  in  the  Takhir  group  the  beds  of  finest  texture,  the 
shales,  are  found  at  the  base,  and  that  the  sandstones  are  higher  in 
position,  the  coarser  sandstones,  moreover,  overlying  those  of  finer  texture. 
A  thin  coal  seam  has  been  found  amongst  the  Talchir  beds  in  the 
Jhilmilli  field,  in  Sarguja3,  but  this  formation  is,  as  a  rule,  distinguished 
by  the  absence  of  coal  seams,  and  even  of  carbonaceous  shale. 

There  are  three  peculiarities  of  the  Talchir  group  which  still  require 
notice,  as  all  of  them  are  of  considerable  importance. 

The  first  is  the  frequent  occurrence,  amongst  the  shales  and  line  sand¬ 
stones,  generally  towards  the  base  of  the  group,  lm(  very  frequently  some 
hundreds  of  feet  above  the  bottom,  of  pebbles  ami  boulders,  alw  ays  rolled  and 
usually  well  rounded,  varying  in  size  from  small  .fragments  quartern!  an  inch 
or  an  inch  across  to  huge  blocks  fifteen  feet  in  diameter  and  thirty  tons  in 
weight,  fragments  from  six  inches  to  three  feet  in  diameter  being  lomimm, 
1  Memoirs,  I,  46,  ( 1 856) .  I  ’  I, mu,, l,  1st  c.l., 
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The  distribution  of  the  boulders  is  most,  Itrcgnlaty  in  some  parts  of  the  .area  ^  '• 
occupied  by  Takhir  beds  (tone  are  to  be  found  over  many  square- miles  -of  - 
cnunlry,  but  generally  some  arc  met  with  at  intervals,  and  occasionally 
large  numbers  occur  witilin  a  limited  tract.  •  ,'v.- 

in  very  many  instances  there  is  every  probability  that  , the  boulders 
hava  been  transported  from  n  distance,  no  rocks  of  similar  character  / 
being  found  in  the  neighbourhood.  If  only  one  or  two  such  cases  bad  been , 
observed,  it  might  be  supposed  that- the  rock,  from  which  the. block?  were 
derived,  had  formerly  existed  in  the  immediate  vicinity  -an'd  been 
removed  by  denudation,  but  the  cases  in  which  there  is  reason  to  believe  .  , 
that  the  rounded  blocks  have  been  transported  from  afar  are-so  numerous 
that  this  theory  cannot  be  accepted.  The  boulders,  if  should  be  remembered;  " 
’are  frequently  found  imbedded  in  the  finest  silt,  It  is  evident  that  deposi¬ 
tion  from  water  in  rapid  motion  is  here  out  of  the  question,'  as  any  stream 
which  could  have  moved  and  rounded  the  boulders  would  have,  swept- 
away  the  silly  matrix  in  which  they  are  deposited,  and  the  only 
suggestion,  as  to  the  cause  of  their  occurrence,  which  appears  to  account . 
satisfactory  for  their  presence,  is  to  suppose  that  they  were  originally  . 
rounded  by  torrents  and  then  transported  to  their  final  position  by 
ice.  This  theory  has  received  strong  confirmation  from  the  discovery  of 
smoothed  and  scratched  surfaces  on  some  of  the  large  boulders  found  on 
the  banks  of  the  Pengangd  river,  about  ten  miles  wCst-south-west  of ' 
Chcindd,  Central  Provinces.'  The  surface  of  the  limestone  rock  under¬ 
lying  the  Talcln'rs  was  also  in  this  case,  found'- to  be  polished,  scratched.,  ', 
and  grooved. 

The  second  peculiarity  is  the  remarkable  resemblance  to  a  .volcanic 
rock  occasionally  presented  by  the  more  compact  forms  of  shale,  and  by  a. 
variety  of  the  sandstone.  So  great  is  the  similarity  between  the  shale  and  . 
a  consolidated  volcanic  ash  that  two  experienced  surveyors  have,  at  different 
times,  marked  the  beds  as  trappean,  whilst  the  sandstone '  occasionally 
simulates  a  decomposed  basalt  in  colour  and  mode  of  weathering.  ; 

The  third  noteworthy  feature  of  the  Talchir  beds  is  their  power'  of  ■ 
resisting  disintegration,  and  the  entire  barrenness,  provided  they  are  r.ot . 
covered  by  alluvial  deposits  derived  from  other  rocks,  of  the  ground  - 
where  they  appear  at  the  surface,  a  natural  consequence  of  their  not  ! 
decomposing  to  form  soil,  in  many  places  along  the  edges  of  the  coal¬ 
fields,  where  the  Talchir  beds  occupy  the  ground,  it  is  possible  to  walk  for 
miles  through  very  thin  jungles,  free  from  grass,  over  a  surface  composed 
entirely  of  the  finely  comminuted  greenish  grey  shales.  , 

South  of  the  Pengangd  river  a  peculiar  rock  was  found  by  Mr,.  Fed  den 
in  the  Takhirs  near  Ciiarii,  aud  again  in  the  Khairgaon  nala  west  of 
3  T.  Oldham,  Memoirs,  IX,  324,  (1872) ;  Fedden,  Records,  VIII,  16,  (1S75). 
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rounded  aspect  suggest  (hat  they  were  produced  fay  .rapkl,  flowing’ strearns,'' 
whose  beds  had  a  .steep  gradient.  The  great  unconformity  between  , the1  v 
Takhirs  and  the  underlying  rocks  points  to  a  long  continuance  of,  dry 
land  conditions,  unfavourable  lo  the  accumulation  of  sediment,  and  one.  of  ■ 
the  first  effects  of  those  land  movements  which  caused  its  accumulation 
might  well  be  to  split  up  the  river  valleys  into  large  lake  basins/  and:  , 
steep  stream  valleys  loading  into  them.  Were  this  the  case,  all, the -con-1  ■ 
dilions  essential  to  the  explanation  of  the  features  ordinarily  exhibited 
by  the  Talchir  boulder  bed  would  be  existent,  if  winter  ic.e  were  super- 
added } 

This  explanation  is  not,  however,  sufficient. to  account  for  the  smoothed,  ■  • 
polished  and  striated  surfaces  of  the  fragments  included  in  the  Talchir  ' 
conglomerate,  and  of  the  underlying  Vindbyan  limestones  in  the  Pcn- 
gangi  valley,  which  appear  to  be  due  to  the  action  of  a  true  glacier.  The 
boulder  beds  largely  developed  near  Bdp,  in  western  Rijput&na,  which  can- 
hardly  be  other  than  of  Talchir  age,  being  -unconfotmably  superimposed  . 
on  the  Vindhyan  limestones  and  older  than  the  upper  Gondwdua  beds' 
of  this  district,  contain  numerous  well  glaciated  fragments,  and  a  similar 
boulder  bed  near  Pokaran  is  seen  to  rest  on  a  surface  of  older  rock,  which  • 
is  not  only  smoothed  and  striated,  but  exhibits  typical  rqche. t  moutonnies. 

Sn  the  last  named  instance  there  is  some  possibility  that  the  boulder  Ted  is 
older  than  Talchir,3  but  excluding  this,  there  is  evidence  enough  that 
glaciers  must  have  descended  to  low  levels  in  Talchir  times. 

The  coal  bearing  rocks  of  the  Karharbari  coalfield  ■  were  originally, 
assigned  to  the  Barakar  group  in  the  publications  -of  the  Geological 
Survejy  on  account  of  their  mineral  character,  and  .their  position  imme- 
diately  above  the  Talchir  beds.  The  examination  of  the  Karharbdri  - 
fossil  flora  has,  however,  shown  that,  whilst  all  the  species  known  to  be 
found  in  the  Talchir  beds  are  represented,  one  of  them  ( Ga ngamop leris  . 
cyclopteroides)  being  the  commonest  fossil  of  the  Karharbdri  beds,  many 
of  the  common  Damuda  fossils  are  rare  or  wanting,  and  several  very  ,re-  ■- 
markable  species  are  found  which  have  not  hitherto  been  detected  in  the  1  : 
Damuda  series.  The  peculiar  excellence  of  the  coal,  audits  superiority  to  ■ 
that  obtained  from  the  majority  of  the  Damuda  seams,  have  led  to  ex  ten-  . 
sive  mining  operations  in  the  Karharbdri  field,  and  it  has  consequently  been 
possible  to  obtain  good  collections  of  the  fossil  plants.3  It  has  also  been  ' 
noticed  that  the  coal  of  Karharbari  differs  in  structure  from,  that  of  .the 
Damuda  series  generally,  and  a  partial  re-examination  of  the  field  appears  - 
to  justify  the  inference  that  there  is  also  a  slight  distinction  between,  thn. 

’  W.  T.  Blanford,  Records,  XX,  49,  (1SS7).  1  I.  ]i  Wbitty,  Superintendent  of  '.the  JW 

*  Sttfre,  p;  106.  Indian  Railway  Company’s' '  collieries  ,  at  . 

8  These  have  been  chiefly  collects  A  by  Mr.  |  ICatteb-iri.  ,  .  ..  ' 
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KarhaiMri  and  Barakar  sandstones,  although  it  is  as  yet  uncertain  whether 
a  passage  may  not  eventually  be  found  between  the  KarharMri  group 
and  the  Barakars.  The  palaeontological  evidence  hitherto  obtained  tends, 
however,  to  connect  the  former  with  the  Talchir  group,  and  it  appears 
best,  for  the  present,  to  keep  the  Karharbdri  rocks  distinct  from  the 
overlying  Damuda  series,  under  the  name  of  the  coalfield  in  which  they 
were  first  distinguished. 

The  rocks  of  the  KarharMi i  group  consist  almost  solely  of  sandstones 
grits,  and  conglomerates,  with  seams  of  coal.  Very  little  shale  occurs,  the 
little  which  exists  being  associated  with  the  coal  seams.  The  sandstones 
are  mostly  white,  grey,  or  brown,  and  felspathic,  often  gritty  and  conglo¬ 
meratic,  from  containing  large  fragments  of  felspar  and  pebbles  of  quartz. 
The  chief  distinction  between  the  constituents  of  the  grits  and  conglo¬ 
merates  forming  the  Karharbari  group,  and  those  which  make  up  so  large 
a  portion  of  the  Barakars,  is  that  in  the  former,  and  especially  in  the 
coarser  grits  and  conglomerates,  a  large  proportion  of  the  fragments  of 
felspar  and  quartz  are  angular  or  subangular,  whereas  in  the  Barakars  the 
pebbles  are,  as  a  rule,  particularly  welt  rounded.  The  eoal  of  Karharbari 
is  rather  dull  coloured  and  tolerably  homogeneous  in  structure,  the  layers 
of  very  bright  jetty  coal,  which  are  so  conspicuous  in  the  Damuda  seams, 
being  in  general  few  and  ill  marked.  The  seams  appear  to  be  somewhat 
variable  in  thickness,  but  to  undergo  very  little  change  in  composition 
throughout  the  small  field  in  which  they  are  found.  Some  of  the  seams, 
both  in  the  Barakar  and  R&niganj  subdivisions  of  the  Damuda  series, 
furnish  fuel  equal  in  quality  to  that  extracted  at  Karharbari,  but  they  are 
much  more  distinctly  laminated. 

The  Karharbari  beds  rest  with  apparent  conformity  on  the  Takhirs,  but 
the  former  completely  overlap  tire  latter  in  places,  within  the  limits  of  the 
little  Karharbari  field,  and  the  mineral  characters  of  the  two  groups  are 
strongly  contrasted.  In  the  west  of  the  Karharbari  basin  the  Takhirs 
attain  a  thickness  of  about  500  or  600  feet,  whilst,  within  a  distance  of  less 
than  four  miles  to  the  eastward,  the  Karharbari  beds  rest  upon  the  gneiss. 
It  is  probable  that  the  highest  rocks  seen  within  the  coalfield  may  be  of 
Barakar  age,,  and  there  is  some  slight  appearance  of  the  Karharbari  beds 
being  overlapped  by  these  higher  strata,  but  the  overlap  is  not  clear.  The 
whole  thickness  of  the  Karharbari  group  is  probably  about  500  feet. 

Outside  the  limits  of  the  Karharbari  field  the  KarharMri  group  has 
been  recognised,  on  palseontological  grounds,  at  Mohpani  in  the  Narbada 
valley,  in  the  Ddltonganj  coalfield  and,  with  considerable  degree  of  proba¬ 
bility,  in  Hutar  and  Rewd.  The  coal  in  a  seam,  lying  very  little  above 
the  Talchir  group,  in  the  Riniganj  field  resembles  the  Karharbari  coal  in 
mineral  character,  and  it  is  probable  that  this  group  will  be  found  to  have 
a  wider  distribution  than  is  now  known,  and  to  be  represented  in  all  those 
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sections  where  Use  TVtidiirs  arc  dcscrihod  as  ecnffttwiable  to  the  beds 'above'  - 
them..  •  .  ,  ■  .  •■' 

The  011I3-  fossils  which  have  so  far  been  formed  in  the  Karhsrbari  bed’s,' 
are  plants  of  which  the  following'  is  a  list1;  those  species  distinguished 
by  an  asterisk  having  also  hren  found  in  the  Da  mu  da  bed.st-.wh»Ie  a- dagger, 
marks  the  forms  which  have  been  found  in  the  underlying  Talchirs  ■... 


EennsETAoros— 

Srhist'nnurn.  cf.  V’eridni, 

*  Yrrtehrnriu  rmUsa, 

Viuc.ks- — 

'%fGrt»gamo-fit.'i-ix  cy  chi-pter  e-ides- 
\1  /  buriodkn. 

f  „  .  angastifalid. 

„  cf.  spatiwlaiu. 

*  t Glossvpferis  communis, 

r.  dmmudka. 


Si'getmptcns  (?)  stoliushnnx, 
CyC.4»BACB/E  — 

G lasso-'- amifes  s‘ol iczknn us, 
t Naggernthiopsis  iridofn, 
CoJftTGRJIi— 

EnryfihylUtm  eahittiamaii. 
VnJhia  hcUrophyth;.  . 
Albertfa:  sp,  1 
Seebs— 

SamoropsiSf  so. 
Cardiocnrfwm,  sp.  ■  . 

Cmpdithes  miller}.  • 


The  Talchir-Karharbari  groups  are  succeeded  by  a  great  series  Of.beds,  ■ 
the  Damuda  series,  which  was  first  examined  and  described  ■  in  the 
coalfields  of  the  Dimodar  valley.  Nearly  all  the  coalfields  of  the  Indian  ■ 
Peninsula  owe  their  mineral  wealth  to  the  presence  of  these  beds,  the  • 
Karliarbdri  being  the  only  other  important  coal  bearing  group,  and  the  ■ 
quantity  of  valuable  minerals  contained  in  the  rocks  of  the  Daniiida  secies 
is  probably  greater  than  that  of  all  the  other  rock  groups  of  India  cpnv- 
i>in«d.  ’  '  ■  i.  , 

The  Da  mud  a  series  in  Bengal  has  been  found  to  consist  of  three 
subdivisions,  known  in  ascending  order  as  the  Baralcar  group,'  Ironstone 
shales,  and  Kdnfgan]  beds.  The  first  and  lowest  is  also  found  ‘  in  the 
Son,  Mahdnadj,  Narbada,  and  Goddvari  valleys,  the  upper  subdivisions  ' 
being  represented  by  groups  differing  in  mineral  character  from  the 
Bengal  beds.  In  the  Sdtpura  area  the  Damuda  subdivisions  are  known 
as  the  Barakar,  Motur,  and  Bijori  groups,  and  in  tire  Goddvari  valley,  • 
above  the  Barakar  group,  there  also  the  only  coal  bearing  formation,,  -a  , 
single  member  of  the  upper  Damuda  beds  occurs,  and  is  known  as  the  • 
Kdmthi  group.  A  similar  arrangement  prevails  in  the  Mahdnadi  and' 
Brdhmam  area,  only  two  Damuda  subdivisions  being  found,  which  appear  " 
to  correspond  to  those  of  the  Godavari. region.  .  ,  . 

The  mineral  characters  and  geological  relations  of.  all  these  different’ 
groups  must  be  described  separately,  jt  is  sufficient  for  the  purpose  at 
1  Pel .  hid.,  series  xii,  III.  pt.  i,  (rSft-Si) ;  IV\  pt.  a,  foSSa),.'  '  '  ; ' N 
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present  to  note  that  all  consist  of  sandstones  and  shales,  with  more  or 
less  ferruginous  bands,  and  that  some  contain  coal.  Slight  unconformity 
between  the  different  groups  has  been  noticed  in  places,  and  the  Barakar 
beds  are  frequently  unconformable  to  the  Takhirs.  The  whole  thickness 
of  the  Damuda  series  is  8,400  feet  in  the  Ranfganj  field,  and  about  10,000 
feet  in  the  S£tpura  basin.  It  thus  constitutes  the  most  important  portion 
of  the  Gondwina  system. 

1  he  examination  of  the  floras  of  the  different  groups  of  the  Damuda 
series  has  shown  that  there  are  slight  differences,  but  as  nearly  all  the 
species  of  the  Barakar  group,  and  without  exception  all  the  more  abund¬ 
ant  forms,  are  also  found  in  the  Rdnfganj  group,  they  have  been  united  in 
one  list  given  below.1 i,  The  letters  m.,  u.  prefixed  signify  that  the 
species  have  been  found  in  the  Lower,  Middle,  and  Upper,  or  Barakar 
Ironstone  or  Ranfganj  beds,  respectively  ;  a  dagger  that  it  is  also  known 
from  beds  of  Karharbdri  age,  and  an  asterisk  that  it  ranges  into  rocks 
newer  than  the  Damuda  series  : — 


EaUlSBTACE/E  — 

*  t  1.  u.  Schizoneuragondwanensis. 

u.  Phyllotheea  indiea. 
u  ?  „  robust  a.  ' 

1.  u.  T rizygia  (Sphenophjjlluni)  spe 

*  f  1.  u.  Vertebraria  indica. 


1.  Cyathea,  cf.  tchihatcheffi. 
Sphenopteris  polymorpha. 
Dicksonia  hughesi. 
Alethopteris  whitby ensis. 

„  lindleyana. 

„  phegopteroides. 
Pecopteris  affinis. 
Merianopteris  major. 
Macrotceniopteris  daneeoides. 

„  feddeni. 

Palaovittaria  burzi. 
Angiopteridium,  cf.  McClcl- 
landi. 

„  infarctum. 
Glossopteris  communis. 

„  intermittens. 


sopteris  retiftra. 

„  eonspicua . 

„  ingens. 

„  divergens. 

„  daimidira. 

„  angust  folia. 

„  leptoueuru. 

„  orbicularis, 

ignmopteris  anthrophyoiJes . 
„  rahittiana. 

t  1.  m.  „  cyclopteroides. 

Belemnopteris  wood-masonic)  na 
Anthrophyopsis,  sp. 
u.  Dietyopteridium,  sp. 
u.  Sagenopteris  (?)  longifolia. 
u.  „  polyphtjUa. 

u.  Actinoptsris  bengalensis . 
Cycadeace*— 

u.  Pterophyllum  burdiennensi. 

1.  Platypterigium  balli. 
f  I.  m.  u.  Noeggec  alhiopsis  hislopi. 
Conifer*— 

f  u.  Voltzia  helerophylla. 

u.  Rhipidiopsis  densinervis. 

1.  „  gingkaides. 

1.  Cyclopitys  dichotoma. 

*+  1.  u.  Samar  op  sis,  cf.  patvula. 


i,  UI,  pt.  ii,  iii,  (1880-81),  IV,  pt.  ii,  (188 5), 
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Although  there  is  little  difference  between  the  floras  found  in  the 
various  subdivisions  of  the  Damuda  series,  the  characters’  and  relations 
of  the  minor  groups  require  separate  notice,  and  of'these'  groups  'the 
lowest  and  the  roost  important  is  the  Rarakar.  This  group  derives 
its  name  from  a  river  which  traverses  the  western  portion  of  the  Rina* 
ganj  coalfield,  and  then  falls  into  the  Dimodar  within’  the  limits  of 
the  field.’  In  the  higher  portion  of  its  course  the  Barakbar  river  receives 
the  streams  which  drain  the  Karharb£ri  coalfield.  ' ,  . 

The  Barakars  have  an  equally  extensive  range  with  the  Talchirs,  and 
consist  of  conglomerates,  sandstones  of  various  kinds,  shales  and  coal. 
The  sandstones  are  often  coarse  and  felspathic,  a  variety  of  frequent 
occurrence  being  rather  massive,  white  or  pale  brown  in  colour,  soft  at 
the  surface  and  not  much  harder  below,  consisting  of  grains  of  quartz 
and  decomposed  felspar.  The  weathered  -surface  of  this  sandstone  -  fre¬ 
quently  exhibits  small  projecting  knobs,  apparently  due  to  calcareous 
concretions.  One  of  the  most  striking  distinctions  between  the  sandstones 
of  the  Talchirs  and  those  of  the  overlying  formations  consists  in  the 
felspathic  constituents  of  the  former  being,  as  a  rule,  undecomposed,  while 
in  the  Damuda  series  the  grains  of  felspar  are  almost  invariably  •  converted 
into  kaolin.  :  *  ’  •  ' 

Besides  the  whitish  felspathic  sandstone,  another  typical  Barakaf  rock 
is  a  conglomerate  of  small,  well  rounded,  white  quartz  pebbles.  These 
are  sometimes  found  scattered  over  the  surface  and  serve  to  indicate  the 
presence  of  the  conglomerate,  where  it  is  not  exposed  in 'section.  The 
matrix  of  the  conglomerate  is  usually  white  sandstone,  -  ■  ■  ••  . 

It  must  not  be  supposed  that  white  is  the  only  colour  of  the  Bsrakar 
sandstones,  -Brown,  red,  yellow,  and  other  tints  are  to  be  found,  and  pro-' 
dominate  in  many  places.  The  whitish  felspathic  sandstone  is  however  a 
typical  rock,  preserving  its  character  in  localities  as. far  apart  as  Rdnfgaiij 
in  Bengal  and  Cbdadi  in  the  Central  Provinces,  being  well  developed 
in  the  Godavari  valley,  but  it  is  subordinate  and  forms  but  a  small  portion 
of  the  group  to  the  eastward.  Here  the  greater  portion  of  the  Barakaf. 
rocks  consists  of  shales,  grey,  blue  or  black,  frequently  micaceous,  and 
more  or  less  sandy,  occasionally  associated  with  argillaceous  iron  ore,  and 
often  containing  seams  of  coal.  Not  unfrequentiy  the  shaly  beds  are 
interstratified  with  hard  flags,  .  .  -  •  r 

The  coals  of  the  Barakar  group  vary  greatly  in  quality  and  character  in 
the  different  coalfields.  They  all,  however,  agree  in  having  a  peculiar 
laminated  appearance,  due  to  their  being  composed  of 'alternating  layers 1 
of  bright  and  dull  coal,  the  former  purer  and  more  bituminous  than  the . 
latter,  which,  in  many  cases,  is  shale  rather  than  coal,  Tire  best  coals 'are 

*  Memoirs,  IH-212,  <1863).  .  ''  -  ‘ 


phic  rocks,  and  in  some  coalfields,  as 
be  overstep  as  well,  the  highest  beds  o 
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The  greatest  thickness  attained  by  the  ironstone  shales  is  about  1,500  • 
feet  in  the  BokAro  coalfield,  and  they  are  nearly  as  thick  in  the  RAnfganj  . 
Held.  As  a.  rule,  they  are  quite  conformable  to  the  underlying.  Barakars, 
the  slight  unconformity,  which  has  been  observed  in  places,  is' very  possibly 
local,  but  one  case’  has  been  noticed  where  a  break  in  time  may  be  indicated- 
Fossils  are  not  common,  and  most  of  the  species  recorded  were  ob¬ 
tained  from-  the  South  Karanpurd  coalfield. 

The  highest  group  of  the  Datrmda  series,  in  the  Ddmodar  valley,  . 
derives  its  name  of  Rdnfganj  from  the  principal  town  of  the- mining 
district  of  Bardwdn,  and  comprises  a  great  thickness  of  coarse  and  fine 
sandstones,  with  shales  and  coal  seams.*  The  sandstones  are  moderately  . 
coarse,  as  a  rule  in  thick  massive  beds,  white  or  brown  in  colour,  and 
obliquely  laminated.  They  are  usually  more  or  less  felspathic,  the  felspar 
being  converted  into  kaolin.  Bands  of  rather  calcareous,  fine,  hard,  yellow  , 
sandstone,  often  weathering  out  at  the  surface  in  nodular  fragments,  are  ' 
common  and  characteristic  of  the  group.  Conglomerates  are  of  rare 
occurrence.  Shales  form  a  much  smaller  portion  of  this  group  than  they 
do  in  the  DSmodar  area  of  the  subjacent  Barakars.  They  are  sometimes 
black  and  carbonaceous,  sometimes  bluish  grey,  and  occasionally  red  or 
brown,  more  or  less  mixed  with  sand  or  stained  by  iron,  and  small'bands 
of  argillaceous  ironstone  occasionally  occur,  though  they  are  not  common. 
The  coal  is  composed  of  alternately  bright  and  dull  layers,  as  in  the 
Barakars.  ■  .  ' 

This  group  is  of'  considerable  thickness  in  the  Rdnfganj  field,  being 
as  much  as  5,000  feet  from  top  to  bottom  where  fully  developed,  and  it' 
is  possible  that  this  is  less  than  the  original  thickness,  for  the  next  group 
in.  ascending  order  rests  upon  the  denuded  surface  of  the  present.  The 
Rdnfganj  group  diminishes  in  thickness  in  the  other  fields  to  the  west-, 
ward,  and  appears  to  be  represented  by  groups  of  different  mineral  charac¬ 
ter  beyond  the  limits  of  the  Ddmodar  drainage.  "  -  v 

As  a  general  rule,  the  Raniganj  beds  are  conformable  to  the  ironstone  ' 
shales,  but  the  higher  group  oversteps  the  lower,  and  rests  on  the  Bara¬ 
kars,  in  the  Bokdro  coalfield,  near  Hazdribdgh,  _  . 

No  animal  remains  have  been  found  in  the  rocks  of  this  group,  but 
plants  are  abundant  and  comprise  nearly  all  those  in  the  Barakar .  groups, 
besides  a  number  of  species  that  are  not  known  from  any  lower  horizon, 

The  lithological  distinction  of  the  threefold. division  .of  the  Damuda 
series,  and  the  overlying  Pdnchet  group,  which  will  be  noticed  further  on, 
has  only  been  recognised  with  certainty  in  the  coalfields  '  of  the  Ddmbdar 

1  *  Memoirs,  III, -46,  (1863).'  '  '  ,  .  ' 
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valley.  The  RAniganj  and  PAuchet  groups  have  been  recognised,  paleon¬ 
tologically,  in  south  Rewd,  though  they  have  not  been  mapped,  but  in  the 
Mahanadi  and  Goddvari  drainage  areas  the  Barakars  are  overlaid  by  a 
great  series  of  beds  which  have  been  described  in  different  areas  by 
various  names. 


In  the  Satpura  ranges,  south  of  the  Narbadd,  the  lower  Gondwdna 
beds,  above  the  Barakars,  have  been  divided  into  two  groups, — the  Motur 
and  Bijori,  1  his  area  has  not  had  the  same  attention  paid  to  it  as  that  of 
Bengal,  the  Godavari  valley,  and  Orissa,  and  the  classification  of  the  beds 
above  the  Barakars  must  be  regarded  as  purely  provisional. 

The  Motur  group 1  derives  its  name  from  a  village  of  that  name 
situated  about  12  miles  south-south-east  of  Pachmarhi,  on  the  dividing 
ridge  between  the  valleys  of  the  Denwa  which  runs  into  the  Tdwa, 
a  tributary  of  the  NarbadA,  and  the  Kanhan,  which  is  a  tributary  of 
the  Goddvari.  The  village  is  on  the  road  from  Badnur  and  Chhind- 
wArd  to  Pachmarhf,  and  was  at  one  time  used  as  a  sanitarium. 

The  beds  of  this  group  somewhat  resemble  the  PAnchets  of  Bengal  in 
mineral  character.  They  consist  of  thick,  coarse,  soft,  earthy  sandstones, 
grey  and  brown,  sometimes  with  red  and  mottled  clays  and  calcareous 
nodules.  Shales  occur,  but  they  are  usually  sandy  and  very  rarely  carbona¬ 
ceous.  It  is  probable  that  the  Motur  group  is  unconformable  to  the  Bara¬ 
kars.  No  collections  of  fossils  have  hitherto  been  made  from  the  beds  of 
the  Motflr  horizon. 

The  highest  members  of  the  Damuda  series  in  the  Sitpura  region 
are  exposed  in  the  upper  Denwa  valley,  at  the  southern  base  of  the 
Mabadeva  or  Pachmarhi  hills.  For  the  rocks  of  this  horizon  the  name 
of  Bijori  has  been  proposed,2  from  a  small  village  rendered  famous 
by  being  the  locality  whence  the  only  distinctly  vertebrate  fossil,  except 
Brachiops,  yet  obtained  from  the  Damuda  series,  was  procured. 

The  rocks  of  the  Bijori  horizon  are  characteristically  Damn  das,  and 
comprise  shales,  occasionally  carbonaceous,  micaceous  flags  and  sand¬ 
stones. 

Nothing  definite  is  known  of  the  relations  between  the  Bijori  and  Motur 
groups,  nor  has  the  thickness  of  either  been  determined,  but  the  greater 
portion  of  the  3,000  to  4,000  feet  of  beds,  intervening  between  the 
Motur  beds  and  the  base  of  the  Pachmarhi  sandstone,  may  be  assigned 
to  the  Bijori  group. 

The  most  important  fossil  hitherto  found  in  the  Bijori  beds  is  the 
specimen  already  referred  to,  which  is  the  skeleton  of  a  Labyrinthodont 
allied  to  Arch  ego  sauna,  described  by  Mr.  Lydekker  under  the  name  of 
(iondwa nosau rus  bijonensis. 3 

1  Memoirs,  X,  l6i,  (1873). 

2  Memoirs,  X,  159,(1873). 


3  Pal,  Indka,  serie 


I,  pt.  4,  (1SS5). 


(68  UROLOGY  OF  INDIA — GONOWANA  SYSTEM.'  [Ofaap.  ?tf. 

Besides  the  lab}  rinthodont,  the  following  plants  have  been  iderili-. 
Tied :  — 1  ,  '  - 

lrIUCES,--fcl«irf.  •  '  /  , 

Glossopleris  damvttie.t.' 

„  rctifera.' 

„  nngustifaUa. 

Gangamopierh,  sp. 

CoNIFERjE — 

Samaropsis,  cf.  fannda. 

The  general  facies  of  this  flora  corresponds  best  with  that  of  the 
Rinfganj  group  in  Bengal,  with  which  it  may  be  correlated  in  a  general 
way,  as  long  as  exact  contemporaneity  of  origin  is  not  asserted. 

In  the  Godivari  valley,  and  in  Chhatfsgarh  and  western  Orissa,  the 
beds  which  overlie  the  Barakar  group,  have  been  described  under  the 
names  of  Kamthf  and  Hingir,  respectively,  but  in  spite  of  some  minera- 
logical  differences,  the  two  seem  to  represent  each  other  so  closely  that  ■ 
they  may  be  united  under  the  first  mentioned  and  older  name.  . 

The  name  Kamthf  is  derived  from  the  military  station  so  called, 
twelve  miles  north-east  of  Ndgpur,  and  the  station  again  derives  its'  name 
from  a  village  on  the  opposite  side  of  the  Kanhdii  river,  where  there  is  a 
famous  quarry  which  has  yielded  a  large  number  of  fossils.  The  term. 
Hingir  is  derived  from  a  zaminddri  of  that  name  situated  north  of 
bambalpur.® 

The  typical  Kdmthi  rocks  consist  of  conglomerates,  grits,  sand-  1 
stones,  shales,  and  clays.  The  conglomerates  contain  pebbles  of  quartz, . 
The  grits  are  sometimes  hard  and  silicious,  so  much  so  as  to  be  quarried 
for  quernstones,  but  usually  they  are  soft  and  argillaceous.  They 
are  frequently  stained  by  iron,  and  are  often  intersected' by  'hard  fer¬ 
ruginous  bands  of  a  dark  brown  colour.  The  sandstones  are  of  every 
shade  of  colour,  and  vary  greatly  in  character.  They  comprise  fine  grained 
micaceous  beds,  white  in  colour,  with  blotches  and  irregular  streaks  of  red, 
and  one  of  the'  most  characteristic  beds  of  the  formation  is  a  very  fine  . 
argillaceous  sandstone,  hard,  massive,  and  homogeneous,  resembling  a 
shale  in  structure,  except  that  it  exhibits  no  trace  of  lamination,  yellow. in  . 
colour  below  the  surface,  but  becoming  red  when  exposed.  ,  It  passes  into 
red  shale.  Another  characteristic  bed' is  a  hard  grey  grit  or, sandstone, 
ringing  under  the  hammer  and  breaking  wkh  a  conchoicia!  fracture.  The 
days  are  red  or  green  in  colour,  and  chiefly  prevail  in  the  upper  portions 
of  the  group.  - 

These  typical  beds,  with  the  exception  of  the  clays,  are  chiefly  de¬ 
veloped  nearHdgpur.  Elsewhere  the  Kdmthfs  consist  mainly  of  soft,  porous 

l  Pal.  Mice,  series  sit,  lit,  pi.  ii,  17,  (1S80).  j  *  Record*,  VIII,  ns,  (iS^S).  '' 

5  Records,  IV,  so,  (1871)  ;  Memoirs,  IX,  305,  (1872).!  ’  _• 
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sandstone,  brown  or  white  in  colour,  and  conglomeratic  in  places,  often 
with  hard,  ferruginous  bands,  and  a  few  red  shales.  Here  and  there, 
however,  a  band  of  one  of  the  characteristic  rocks  is  met  with  towards  the 
base  of  the  formation. 

The  chief  peculiarity,  which  distinguishes  the  K5mthf  group  from  the 
Rinfganj  and  Bijori  groups,  is  the  absence  of  carbonaceous  markings.  In 
other  Damuda  groups,  with  the  exception  of  the  ironstone  shales,  the 
remains  of  plants  generally  retain  a  portion  of  their  original  carbon,  but 
this  appears  very  rarely  to  be  the  case  amongst  the  Kamthfs. 

The  thickness  of  the  Kdmthi  group  has  not  been  determined,  but  it  is 
undoubtedly  considerable,  probably  5,000  to  6,000  feet  at  least.  The  beds 
belonging  to  this  group  generally  appear  conformable  to  the  Barakars, 
but  it  is  extremely  doubtful  if  the  conformity  is  more  than  apparent,  for 
the  KtLmthf  beds  overlap  the  Barakars  in  a  most  irregular  manner,  and 
the  break  in  conformity  between  the  two  is  well  marked  in  places.  The 
Hingir  beds,  both  near  Sambalpur  and  in  the  Tdlcher  coalfield,  certainly 
rest  unconformably  in  places  on  the  Barakar  group.1 

The  fossil  plants  of  the  Kamthf  group  comprise  the  following  species  :s 


D.  Phyllothsca  indica. 

Glossopteris  muscefolia. 

D.  Verlebraria  indica. 

1,  leptoneura. 

Pecopteris,  sp. 

Gangamopteris  hughesi. 

D.  P.  Glossopteris  communis. 

Angiopteridium ,  cf.  mar.clell  mdi. 

D .  P.  „  indica. 

D.  Macrotceniopteris  danceoides. 

D.  „  brownictna. 

D.  „  feddeni. 

D.  „  damudica. 

N agger athiopds  hislopi. 

In  the  foregoing  list  the  letter  D  prefixed  to  the  name  of  a  species 
signifies  that  it  is  also  found  in  the  Damuda  series  of  Bengal,  and  the 
lei  ter  P  that  the -same  species  is  known  from  the  P£nchet  group.  Of  the 
former,  all  are  found  in  the  Rinfganj  group,  but  not  all  in  the  lower  groups, 
one  species  Angiopteridium  macclellandi  has  been  found  in  the  Rdjmahil 
group  of  the  upper  Gondw^nas.  The  character  of  the  flora  would  lead  us 
to  regard  it  as  homotaxial  with  the  Rdnfganj  group  or  possibly  newer. 

In  the  neighbourhood  of  Mingli,  a  small  deserted  village,  lying  at 
the  northern  extremity  of  the  Wardha  Gondwdna  basin,  about  fifty  miles 
south  of  Nagpur  and  thirty-five  north-west  of  Chanda,  some  quarries  have 
long  existed,  from  which  a  very  fine  red  and  yellow  sandstone  is  obtained 
and  employed  in  building,  chiefly  for  ornamental  purposes  and  for  carv¬ 
ings.  The  stone  is  precisely  similar  to  that  of  Silevvada  and  other 
typical  exposures  of  the  Kimthf  group,  near  Nfigpur,  and  the  coarser 
associated  sandstones  of  Mdngli  differ  in  no  way  from  the  ordinary  Kdmlhi 
grits. 


1  Records,  VIII,  113,(1875). 
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are  amygdalokial,  tlie  enclosed  nodules  usually  containing  some  dprm  of 
quartz,  cither  agate,  chalcedony,  or  rock  crystal.  Occasionally,  but  less 
frequently,  zeolites  are  found,  stilbite  being  the  commonest,  natrolite.less 
abundant,  and  analcime  has  also  been  detected.  It  is  not  usual  to  find  the 
cavities  lined  with  green  earth,  as  is  so  frequently  the  case  amongst  the 
amygdaloids  of  the  Deccan  trap.  The  basaltic  flows  above  the  sediment-, 
ary  bands  are,  as  a  rule,  compact. 

Very  little  light  is  thrown  on  the  source  of  the  basaltic  rocks  by  alny 
observations  within  the  RAjmahAI  area.  Dykes  ar'fe  rare,  and  there  is  onlv. 
one  instance  known  of  an  intrusive  mass  which  may  mark  the  site  of  an 
old  volcanic  outburst.  This  is  about  22  miles  south  south-east  of  Golgong 
on  the  Ganges,  close  to  a  place  called  Simra,  where  a  group  of  small  coni¬ 
cal  hills  oc'curs,  composed  of  pinkish  trachyte,  porphyritic  in  places,  and 
surrounded  by  Damuda  rocks.  The  surface  of  the  ground  is  much  ob. 
soured  by  superficial  deposits,  but  there  appears  good  reason  for  suppose 
ing  that  the  core  of  a  volcanic  vent  is  here  exposed.  It  appears  not  an 
unfrequent  occurrence  that  the  later-  outbursts  from  a  volcano  are  more 
silicious  than  earlier  eruptions,  and  that  a  volcanic  core,  even  when  the 
lava  flows  have  been  doleritic,  should  itself  prove  trachytic,  when  exposed  by 
denudation.  This  may  be  due  to  the  solution  of  the  highly  silicious  meta- 
m orphic  rocks  through  which  the  outburst  took  place  by  the  molten  lava 
remaining  in  the  fissure  after  the  eruption,  and  the  consequent  conversion  ■ 
of  that  lava  from  a  basic  into  an  acid  rock. 

Trap  dykes  and  intrusions,  believed  to  be  of  Rajmahd!  .age,  are 
abundant  in  the  coalfields  of  the  Dimodar  valley,  and  both  dykes  and  cores 
of  basalt  are  common  in  the  portion  of  Birbhum  lying  south-west  of  the 
Rdjmahal  hills  St  is  possible  that  the  principal  vents  lay  in  this  direction, 
or  they  may  have  been  in  the  region  now  covered  by  the  Ganges  alluvium. 
The  difficulty  of  determining  the  original  source  of  eruptive  rocks  will  be 
again  illustrated  in  the  case  of  the  Deccan  traps.1 

The  bedded  basaltic  traps  of  the  RAjmahAl  hills,  with  their  associated 
sedimentary  beds,  attain  a  thickness  of  at  least  2,000  feet,  of  which  the 
non-volcanic  portion  never  exceeds  too  feet  in  the  aggregate.  They  rest 
with  general  parallelism  on  the  grits  and  coarse  sandstones  of  the 
Dubrdjpur  group,  but  nevertheless  several  instances  of  overlap  take  place, 
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The  RAjmahil  series  derives  its  name  from  a  range  oi  hills  in  Bengal 
extending  north  and  south  from  the  Ganges  to  the  neighbourhood°of 
Suri  in  Bfrbhum,  and,  unlike  the  other  -  members  of  the  Gondwdna 
system,  is  confined  to  the  neighbourhood  of  the  eastern  margin  of  the 
Indian  Peninsula.  Some  species  of  fossil  plants,  identical  with  RAjmabAl 
forms,  have  been  found  in  other  localities,  but  they  are  either  isolated,  or 
associated  with  plants  belonging  to  a  different  flora. 

In  its  typical  locality  the  RAjmahAl  group  of  the  Rdjmahdl  series  con¬ 
sists  of  a  succession  of  basaltic  lava  flows  or  traps  with  interstratifications 
of  shale  and  sandstone.  The  sedimentary  bands  are  held  to  have  been 
deposited  in  the  intervals  of  time  which  elapsed  between  the  volcanic  out¬ 
bursts,  by  the  circumstance  that  the  different  bands  of  shale  and  sandstone 
differ  from  each  other  in  mineral  character,  and  also  that  the  upper  surface 
of  the  shaly  beds  has  sometimes  been  hardened  and  altered  by  the  contact 
of  the  overlying  basalt,  whilst  the  lower  surface  is  never  affected.  The 
sedimentary  bands  are  chiefly  composed  of  hard  white  and  grey  shale, 
carbonaceous  shale,  white  and  grey  sandstone,  and  hard  quartzes  e  grit. 


Fig.  12. — Radiating  columnar  trap,  Rajmahal  hills. 

The  trap  rocks  are  all  dark  coloured  dolerites.  They  vary  in  character 
from  a  fine  grained,  very  tough  and  hard  rock  (anamesite),  ringing  under 
the  hammer,  and  with  the  edges  of  its  fracture  almost  as  sharp  as  those 
of  a  quartzite,  to  a  comparatively  soft,  coarsely  crystalline  basalt.  The 
latter  usually  contains  oliv.ine  in  large  quantities.  Many  of  the  trap  rocks 
>3W.  As.  Soc.  BenS„  XXIII,  263,  i  209,  (1S77)  ;  /V.  1ml.,  series  u,  1,  1 .{ 1863). 
(1854);  Memoirs,  II,  313,  (i860);  XIII 
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arc  amygdaloidal,  the  enclosed  nodules  usually  containing  some  dorm  of 
quartz,  cither  agate,  chalcedony,  or  rock  crystal.  Occasionally,  but  less 
frequently,  zeolites  are  found,  stilbite  being  the  commonest,  natrolite.less 
abundant,  and  analcime  has  also  been  detected.  It  is  not  usual  to  find  the 
cavities  lined  with  green  earth,  as  is  so  frequently  the  case '  amongst  the 
amygdaioids  of  the  Deccan  trap.  The  basaltic  flows  above  the  sediment- 
ary  bands  are,  as  a  rule,  compact. 

Very  little  light  is  thrown  on  the  source  of  the  basaltic  rocks  by  kny. 
observations  within  the  Rdjmahdl  area.  Dykes  are  rare,  and  there  is  only, 
one  instance  known  of  an  intrusive  mass  which  may  mark  the  site  of  an 
old  volcanic  outburst.  This  is  about  22  miles  south  south-east  of  Golgong 
on  the  Ganges,  close  to  a  place  called  Simra,  where  a  group- of  small  roni-  '■ 
cal  hills  oc'curs,  composed  of  pinkish  trachyte,  porpbyritic  in  places,  and 
surrounded  by  Damuda  rocks.  The  surface  of  the  ground  is  much  ob.  ■ 
scored  by  superficial  deposits,  but  there  appears  good  reason  for  suppos¬ 
ing  that  the  core  of  a  volcanic  vent  is  here  exposed.  It  appears  not  an 
unfrequent  occurrence  that  the  later-  outbursts  from  a  volcano  are  more 
silicious  than  earlier  eruptions,  and  that  a  volcanic  core,  even  when  the 
lava  flows  have  been  doleritic, should  itself  prove  trachytic,  when  exposed  by 
denudation.  This  may  be  due  to  the  solution  of  the  highly  silicious  meta- 
morphic  rocks  through  which  the  outburst  took  place  by  the  molten  lava 
remaining  in  the  fissure  after  the  eruption,  and  the  consequent  conversion  ■ 
of  tli at  lava  from  a  basic  into  an  acid  rock. 

Trap  dykes  and  intrusions,  believed  to  be  of  Rajmahil  age,  are 
abundant  in  the  coalfields  of  the  Ddmodar  valley,  and  both  dykes  and  cores 
of  basalt  are  common  in  the  portion  of  Birbhum  lying  south-west  of  the 
Rdjnvahal  hills  It  is  possible  that  the  principal  vents  lay  in  this  direction, 
or  they  may  have  been  in  the  region  now  covered  by  the  Ganges  alluvium. 
The  difficulty  of  determining  the  original  source  of  eruptive  rocks  will  be 
again  illustrated  in  the  case  of  the  Deccan  traps.1 

The  bedded  basaltic  traps  of  the  Rdj'mahdl  hills,  with  their  associated 
sedimentary  beds,  attain  a  thickness  of  at  least  2,000  feet,  of  which  the 
non- volcanic  portion  never  exceeds  ioo  feet  in  the  aggregate.  They  rest 
with  general  parallelism  on  the  grits  and  coarse  sandstones'  of  the 
Dubrajpur  group,  but  nevertheless  several  instances  of  overlap  take  place, 


1  Some  doubt  still  attaches  to  (he  deter¬ 
mination  of  the  true  age  of  the  Rajmahdl 
traps.  Detailed  examination  has  shown  that 
a  close  lithological  resemblance  exists  be. 
tiveen  them  and  the  Deccan  traps ;  Records, 
XX,  104,  (1887)  •,  XXII,  22(5,  (.889).  This 
is  nor,  however,  in  itself  sufficient  to  prove 
their  contemporaneity.  On  (he  other  hand 
the  examination  of  the  stratigraphies!  reia- 


,  tions  of  these  (raps  in  the  field  cannot,  be  saicj 
to  have  been  so ,  dose  as  to  preclude  the  pos-  . 
sibility  that  the  supposed  interbsdded  traps' 
are  really  intruded  along  the  planes  of'  bed*  , 
ding.  The  correlation  of  the  RAjmahaUraps  , 
with  the  Sylhet  traps  is  an  important  point, 
as  (if  it  is  correct)  the  former  must  be, 
older  than  tiie  Deccan  trap  period. 
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and,  in  one  locality  at  least,  there  is  evidence  of  the  Dnbrajpur  beds  having 
been  denuded  before  the  deposition  of  the  Rajmahal  group. 

From  the  extent  of  the  area  throughout  which  these  dykes  are  de¬ 
veloped,  conclusions  may  be  drawn  as  to  the  original  limits  of  the  volcanic 
action  coincident  with  the  period  of  deposition  of  the  Rijmahdl  group. 
The  number  of  trap  dykes  gradually  diminishes  in  the  coalfields  of  the 
Ddmodar  valley  from  east  to  west,  until  finally,  in  the  Karanpurd  field 
nouth-west  of  Haziribdgh,  volcanic  intrusions  disappear  almost  entirely, 
and  none  appear  to  be  known  further  west,  until  basaltic  dykes  of  different 
age,  which  apparently  are  contemporaneous  with  the  much  newer 
Deccan  trap,  make  their  appearance.  Outside  of  the  coalfields  it  is 
difficult  to  distinguish  the  dykes  belonging  to  the  Rajmahal  period  from 
older  eruptions,  but  there  is  not  the  same  abundance  of  extensive  basaltic 
intrusions  in  southern  Monghyr,  Hdzaribdgh,  and  Chutid.  Nagpur  as  in 
Birbhum.  So  far  as  can  be  judged,  the  region  immediately  north  of  the 
Ranfganj  coalfield  was  one  of  the  foci  of  eruption  and  it  is  far  from  im¬ 
probable  that  the  bedded  traps  of  the  RSjmahal  hills  had  originally  a 
considerable  extension  to  the  south-west  and  south,  though,  as  no  single 
outlier  has  been  preserved,  it  is  impossible  to  feel  sure  of  the  inference. 
There  is,  however,  considerable  probability  that  a  large  tract  in  the 
Damodar  valley,  including  the  wdiole  Rdnfganj  field  may  have  been  once 
covered  with  bedded  traps. 

The  great  difference  of  age'  between  the  RdjmaMl  group  on  the 
one  hand  and  all  the  lower  Ciondwdtia  rocks,  including  the  Damudas 
and  Pdnchets,  on  the  other,  is  well  illustrated  by  the  change  in  the 
flora  and  by  the  very  much  greater  amount  of  disturbance  to  which  the 
Damuda  rocks  have  been  subjected,  The  Rdjtnahdl  traps  are  almost 
horizontal,  and  no  faults  have  been  observed  in  them,  while  the  dykes 
which  abound  in  the  Ranfganj  field,and  are  almost  certainly  of  Rajmahal 
age,  are  newer  than  the  faults  of  the  coalfield. 

By  far  the  greater  part  of  the  Rijmahal  fossils  have  been  obtained 
from  two  bands  of  fine  grained  whitish  or  greyish  shales — the  upper  25 
to  30  feet  thick,  the  lower  10  to  15, — separated  from  each  other  by 
lava  flow,  and  having  other  beds  of  trap,  with  intercalations  of  sandstone 
and  shale,  above  and  below. 

'Die  following  is  a  list5  of  those  hitherto  described  from  this  group  : — 
EauisETACE.n—  ,  Fine t.n—.-orJj.  - 

Eq ui s< turn  rajmahaUns*.  i  Sphinoptsns.  hislopi. 

Fjcices —  ;  •>  menibycmosa, 

Spheuopteris  aigutn.  Dichzonli  bindrahwensis. 

■The  list  is  taken  from  O.  Feistmantel,  [  original  specific  names  have  been  restore, 1  ;n 
Pal.  Indies,  series  ii,  I,  143,  fl37?)-  In  the  j  place  of  P.  indica,  D.  ir.dicu*  and  K.r.iS- 
ease  of  Thinnfeldia  salicifalia,  Diciyasamites  mahaleaziz.  as  there  doe,  not  see. ri  tobe-utti. 
falcatus  and  Echinost, obus  indica*.  the  |  cient  reason  for  the  change 
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DictvozanHies  falatius. 

Mac 

rc/lii- III 

opfeiis  hit  a* 

Cycadites  ceiferins. 

<rt 

criis.nnprrh\ 

,,  rajmahalensis, 

avithu 

(  Cycndinorarpns  rnjmnkah-ns 

WHtin  msania  mi  crops. 

Dftu 

a'  op  sis 

;  rajmnhnlcnsis. 

PtUophyllum  cf.  IK  gigai. 

Cycai 

HiACE. 

Pier 

■ophylhsm  disians, 

Co  NJ  PER  a?.— 

cortenanum . 

Palissya  iiulim 

„ 

morristmium. 

j  „  cm'iferta. 

medlicuitin  nnm, 

j  Chirolepis  gracilis. 

prin  ceps. 

1  Cunninglmmiies  drtbhstis. 

» 

cr, visum. 

!  Eehinoslrobus  indices- 

The  first  thing  which  must  strike  any  one  in  looking  over  the  above 
list  is  the  great  change  in  forms  of  life  between  the  upper  and  lower. 
Gondwdna  series,  so  far  as  we  are  yet  acquainted  with  them;  It  -  is 
highly  probable  that  intermediate  beds  may  hereafter  be  .found,  but  for  the 
present  there  seems  to  be,  in  Bengal  at  least,  just  as  great  a  break  . in  the 
flora  as  in  the  stratigraphy,  The  most  striking  distinction  is  that  the 
prevalent  forms  in  the  lower  Gondvriraas  are  Equiseiacex  and  ferns  of  the' 
Glossopteris  type,  Cycadeacew  being  rare,  whilst  in  the  upper  Go  nd  wan  as, 
and  especially  in  the  Rdjmahdl  group,  Cycade.accee  prevail,  thpir  individual 
abundance  being  so  great  that  they  frequently  form  the  mass  of  the 
vegetation.  In  fact,  the  cycads,  and  especially  Ptiiophylln-m  acnlifoiium 
are  just  as  abundant  and  characteristic  in  the  Rijmahdi  group,  as 
Glossopteris  and  Vertebraria  are  in  the  Damudas. 

The  Rajmahdi  beds  are  represented  along  the:  east  coast  by  a  series  of 
small  outliers,  most  of  them  too  small  to  deserve  detailed  notice  here,  which 
are  interesting,  as  they  appear  to  comprise  some  rock  groups  of  later  age 
than  the  R^jinah^l,  and  contain  marine  fossils  associated  with  the  plants. 

The  most  northerly  of  these  is  the  Athgarh  basin,  a  tract  of  sandstone, 
some  twenty  miles  long  from  north  to  south,  and  eighteen  miles  from  east 
to  west  dose  to  the  town  of  Cuttack,  on  the  western  margin  of  the  alluvial 
plain.  Some  carbonaceous  shale,  occurring  in  the  lower  portion  of  the 
sandstones,  has  been  supposed  to  indicate  the  presence  .of  -  Barakaf  beds, 
bet  tin  Datnuda  fossils  have  been  found.  The  relations  of  the  remaining 
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part  of  the  rocks  are  very  obscure,  and  they  were  believed  to  be  of  Kdmtld 
age  till  the  discovery  of  characteristically  Rdjmahal  fossils  in  them.1 


On  the  right  bank  of  the  .  Goddvari,  near  Thalapudi,  about 
ten  miles  above  Rdjdmahendri,  a  well  marked  belt  of  upper  Gondwdna 
beds  commences,  which  extends  for  sixty  miles,  from  the  Goddvari  to  be¬ 
yond  Golapilli  west  of  Ellore.  The  width  of  this  belt  varies  from  ten  to 
fifteen  miles.  There  is  a  general  dip  to  south-east  or  east-south-east  at  50 
to  10  ,  and  the  beds  rest  unconformably,  throughout  a  considerable  portion 
of  their  area,  upon  various  members  of  the  Kamthf  group,  but  they 
overstep  this  group,  both  to  the  east  and  west,  and  rest  upon  a  sloping 
floor  of  gneiss,  which  has  the  appearance  of  a  plane  of  marine  denu¬ 
dation  formed  after  the  deposition  of  the  Kdmtlif  rocks,  as  the  latter 
rest  upon  a  much  more  uneven  surface  of  the  metamorphic  formations. 
This  appearance  of  resting  upon  a  surface  which  had  been  fashioned 
by  denudation  after  the  deposition  of  the  lower  Gondwdna  beds,  quite 
agrees  with  the  peculiar  distribution  of  the  Rdjmahal  group  and  its 
associates,  which  evidently  were  accumulated  in  a  distinct  area  from 
that  in  which  the  Gondwdna  beds  of  the  Goddvari  valley  were  deposited. 
To  the  south-east  the  upper  Gondwdna  beds  of  the  Ellore  area  disappear 
beneath  the  Cuddalore  sandstones  and  the  alluvial  deposits  of  the 
Goddvari  delta,  except  west  of-  Rdjdmahendri,  where  the  Gondwanas  are 
covered  by  outliers  of  the  Deccan  traps. 

The  rocks  of  the  Ellore  area  are  peculiarly  interesting,  because  they 
appear  to  contain  representatives  of  groups  higher  than  the  Rdjmahdls, 
associated  with  beds  in  which  the  typical  Rajmahdl  flora  is  well  preserved. 
Dr.  King,  who  surveyed  the  rocks  of  the  Goddvari  district,  classed  the 
upper  Gondwdna  beds  in  three  subdivisions,  thus  distinguished  in  de¬ 
scending  order  :2  x.  Tripetty  sandstones. 

2.  Ragavapuram  shales. 

3.  Golapilli  sandstones. 


The  Golapilli  sandstones  consist  of  brown  and  red  sandstones  and 
conglomerates  which  form  a  broad  plateau  near  Golapilli,  capped  by 
conglomerates  and  gravels,  probably  belonging  to  the  Cuddalore 
sandstones. 

The  following  plant  fossils  have  been  obtained  from  the  Golapilli 
beds  3 

FU-ICES—  j  FlLICES,—  COIlitl. 

Alethopterii  indie, 1.  Angwplendutm  e lists. 

Pecopteris  macrocar  pa.  [  »  spuihulnfttm. 


1  Feistmantel,  Records,  X,  68,  (T  77);  Pal.  I  J  Records,  X,  56,  ( 1  SSo)  ,  \\ 

Ittdica,  seiies  xii,  I,  187,  (1879).  2n,(i88<)). 
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All  the  abe-ve,  with  the  exeptio-n  of  Ptsropkyllum  kingi a  mini,:,  the 
Cheirotnpis  and  ArnucarHes  macropterus  are  characteristic  Rdjmahdi 
forms. 


Resting  upon  the  GoiapHli  beefs,  in-  the  neighbourhood  ©f  Eliore,  there  ■ 
is  found  a  thin  band  of  white  and  buff  shales,  having  a  few  interstratilica- 
t tons  of  sandstones  towards  the  base,  not  more  than  too  feet  thick.  No  - 
unconformity  has  been  detected  between  these  shales  and  the  Golapi’li 
sandstones,  but  there  appears  to  be  some  difference  in  the  flora-,  for,  while 
the  plants  of  the  Golapilli  standstones  are  all  RSjmahdl  forms,  except  a 
few  species  peculiar  to  the  beds,  the  flora  of  the  overlying  shales  com¬ 
prises,  in  addition  to  several  forms  common  to  the  beds  below,  a  few 
species  allied  to  Jabalpur  plants.  The  shales  have  been  called  Ragava- 
puram,  from  a  village  situated  about  twenty-six  miles  north-north-east  of 
Eliore,  A  list  of  the  plants  will  be  found  in  the  tabular-  statement .  on 
page  183.  '• 

With  the  plants  are  some  marine  shells,  chiefly  casts,  amongst  which 
are  some  Ammonites ,  apparently  allied  to  middle  Jurassic  species,  the 
principal  form  being  near  A.  epis ,  but  distinguished  by  having  the  ribs 
simple  throughout.  A.  opis  belongs  to  the  subgenus  Stephanoceras ,  and 
to  the  group  of  A.  macrocephalus,  and  is  found  in  the  Chari  and  Katrol  -, 
beds  of  Cutch  (callovian  and  oxfordian).  Besides  the  ammonites,'  Leda> 
Pecletiy  Gervillia,  etc.,  occur,  the  Led  a  being  especially  common',  and 
characteristic. 

Above  the  shales  just  noticed  there  is  another  thin  band  of  dark  brown 
and  red  sandstones  and  conglomerates,  chiefly  ferruginous,  with-  silicious 
and  argillaceous  bands,  and  beds  of  concretionary  clay  ironstone  named 
from  a  pagoda  called  Chinna  (little)  Tirupati  (Tripetty)',  which  stands  - 
upon  a  scarp  composed  of  them,  about  twenty  miles  north-north-east  ' of 
Eliore.  Towards  the  bottom  these  sandstones  become  softer  and  less  ' 
ferruginous.  I11  the  main  area,  near  Eliore,  these  Tripetty’ beds. are  only  • 
40  feet  in  thickness.  ’  •  ' 

The  Tripetty  beds  in  the  main  area  have  only  yielded  fossil  wood, 
but  from  some  outlying  patches,  near  Innaparazpdlaydm  about  twenty-four 
miles  uurth  by  east  of  Cocoadda,  supposed  to  belong  to  the  same  band,  Dr, 
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probably  idcniii.il  with  tin;  hyisb  Hryon  harrm-kmh.  'I  here  aw,  tt&wi’ver. 
■ailin';  impcrlmtl  dilfcreiK'tm  whiih  make  U»»;  specific  Identity  of  she  Uvo 
forms  doubtful. 


The  upper  fiomlw.lrta  beds  war  Maoris  arc  divided  into  two  groups, * 
she  lower  of  which  his  been  named  from  SrijKwmutitr,  a  town  25  mile?*, 
n est-Kmtth-wo.«f  of  Madras  and  a  well  known  locality  for  fossil  plants*. 
The  croup  i.s  composed  of  white  shales,  containing  plants,  associated  with 
sandstones,  grits  and  micaceous  sandy  shales.  Conglomerates  occur,  espe¬ 
cially  towards  l lie  base,  where  they  are  coarse  and  occasionally  contain 
boulders  of  great'  size,  but  all  the  conglomerates  are  loose  in  texture  and 
not  compnrf.  A  boring  recently  put  down  at  Place’s  garden  near  Madras, 
has  penetrated  beds  of  carbonaceous  shale,  overlapped  at  the  surface, 
which  have  raised  hopes  of  finding  workable  coal.  It  is  not  at  present 
known  whether  these  belong  to  an  outlier  of  the  Sower  Gondw/nias  or  not.. 

It  is  in  the  Sripermatur  shales  that  the  fossils  of  the  group  arc  found. 
They  consist  of  both  animals  and  plants.  Tin;  shells  are  ill  preserved  and 
have  not  been  determined.  They  comprise  two  or  three  species  of  vf»i- 
w  exiles  and  several  lamellibranch  bivalves.  The  Cephalopoda  were  regard¬ 
ed  by  Dr.  Waagen*  as  resembling  neocomian  rather  than  Jurassic  forms,  '• 
but  fhe  species  cannot  be  determined,  owing  to  the  poor  state  of  preserv¬ 
ation,  too  much  weight  must  not  be  attached  to  the  opinion.,  though 
it  is  of  interest  in  connection  with  the  resemblance  between  the  Rijmabal 
series  and  the  Uitenhage  series  of  South  Africa,  now  regarded  as  neo-  • 
comian  in  age.  The  occurrence  of  2 rigonia  smeei  and  T.  ventricosa,  both 
South  African  Uitenhage  species  in  the  outlier  north  of  Coeonada,  has 
already  been  mentioned,  and  it  is  not  necessary  to  make  any  further  refer¬ 
ence  to  this  subject  here,  as  it  will  be  more  fully  treated  of  in  the  next 
chapter.  .  . 

The  Sripermatur  group  is  overlaid  by  a  set  of  beds  of  coarse  compact 
conglomerate,  with  intercalated  sandstones  and  grits,  which  have  been -dis¬ 
tinguished  as  the  Sattavedu  group,  from  a  series  of  moderately  elevated 
ridges  of  the  same  name,  lying  about  thirty-five  miles  north-west  of  Madras. 
Only  imperfectly  preserved  plant  remains  have  been' obtained  from  the. 
Sattavedu  beds.  '1  he  junction  with  the  Sripermatur  beds  is  ill  seyn,  the 
groups  appear  to  be  conformable,  and  it  is  doubtful  whether,  there  is  suffi¬ 
cient  justification  for  the  separation  of  the  upper  beds  as  a  separate  group.- 

Hie  upper  Gondwdnas  of  the  Tricbinopoli  district  occur  as  narrow 
outcrops  along  the  western  edge  of  the  cretaceous  beds,  which  they  se¬ 
parate  from  the  gneissose  rocks,  being  quite  un conformable  to  both.  The 

or,  series  ix,  p.  236,  (1875). 
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most  important  of  the  out  crops  is  that  near  Ulahfir,  and  the  -rocks  consist 
chiefly  of  soft  sanely  days  and  micaceous  shales,  with  sandstones  and  a 
coarse  conglomerate  of  rounded  gneiss  pebbles  at  the  base,1 

The  Utatur  outcrops  arc  the  most  southerly  known  to  be  of  (iondwfSn.i 
ago,  but  Mr.  Foote  has  recorded  some  exposures  of  shales. and. coiiglomer* 
ates  in  the  Madura  district  which  closely  resemble  the  beds  of  the’ 1  coastal 
Gondwanas.  No  fossils  were,  however,  found,  so  the  identification  is  not 
fully  established. 


Reference  has  already  been  made  to  the  resemblance  between  the  floras  of 
the  Ragayapurara,  Vcmdvaram,  Sripermalur  groups,  and  of  the  Utatur’  out¬ 
crops.  and,  to  save  repetition,  a  separate  list  of  fossils  has  not  been  given  in- 
each  case, but  the  whole  united  in  the  tabular  statement  on  the  previous  page.’ 
From  this  it  will  be  seen  that  not  only  are  there  a  certain  number  of  forms  ’ 
common  to  two  or  more  of  the  groups,  but  that  in  each  case  the  flora  is' 
characterised  by  a  large  proportion  of  Rdjinahdl  species,  and  a  much  smaller 
proportion  of  forms  that  are  only  known  from  the  Jabalpur  and  Umia  groups. 
Apart  from  the  presence  of  Jabalpur  species,  and  species  peculiar  to  these 
outliers,  their  flora  is  distinguished  from  the  true  Rdjmahil  flora  by  the 
absence  of  broad  leaved  7 seniopteridessfiSiA  the  greater  abundance  of  certain 
forms,  such  as  Angtopteridium  spatkulatum  and  Dictyommites  indica, 
which  though  represented  in  the  RdjmaMl  beds,  are  found  only  in  a 
smaller  proportion,8  The  presence  of  the  germs  Macrotaniiopteris  in  the 
Utatur  beds,  and  the  smaller  proportion  of  purely  Jabalpur  species, may  show 
that  they  are  nearer  in  age  to  the  Rajmahil  group  than  the  others,  but, 
with  this  possible  exception,  we  may  take  the  groups  as  being  at  any 
rate  approximately  of  the  same  age,  intermediate  between  that  of  the  - 
Rdjmahdl  and  Jabalpur  groups,  as  is  shown  in  the  tabular  statement 
on  page  156. 


In  the  Godavari  valley  the  principal  representatives  of  the  upper  Good- , 
wdnas  are  the  Kota  and  Maleri  groups,  more  commonly  referred  to  as  the  - 
Kota-Mal6ri  group,  the  name  being  derived  from  those,  of  two  villages 
long  known  to  Indian  geologists,  the  former  by  the  discoveries  .of 
fish  teeth  and  fossil  fish  by  Dr.  Walker  and  Dr.  Beil8  in  1851,  the  latter,’ 
by  the  late  Revd.  S.  Hislop's  discovery  of  reptilian  bones.*  The  village  of 
Kota  is  on  the  left  bank  of  the  Prdnhita  or  Waingangi,  about  8  miles 


1  H.  F,  Stanford,  Memoirs,  IV,  39,  (1863);  ' 

R.  B.  Foote,  /Records,  XI,  247,  (1878),  j 

2  Pal,  Indica,  series  ii,  1,  199,  (1879). 

’  Quail  Jour.  Geol,  SoC.,  VI!,  272,  {1851); 


VIII,  230,  (1852);  IX,  351,  (1833);  X,  371, 
(1854)-  ' 

*  Quart.  Jour.  Geol.  Sac.,  XX,  280,  {1864). 
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above  its  junction  with  the  Godivari,'  Maleri  is  about  32  miles  north-west 
of  Sironchd 

The  combined  group,  usually  spoken  of  as  a  whole,  is  slightly,  but  dis¬ 
tinctly,  unconforraable  to  the  underlying  Kdmthfs,  and  is  divided  into  two 
subgroups,  which  were  separately  mapped  by  Dr.  King.1  The  lower,  or 
Maleri,  consists  essentially  of  bright  red  coloured  clays,  interbedded  with 
soft,  light  coloured  and  open  textured  sandstones  subordinate  in  thickness 
to  the  clays.  The  fossils  are  found  in  the  red  clays,  coprolites  being 
much  the  most  abundant  ;  besides  them  three  species  of  Ceratodus  and 
two  genera  of  reptiles,  Hyperodapedon  and  ParasUchus)  have  been 
distinguished. 

The  Kota  subgroup,  which  overlies  the  Maleri,  consists  principally  of 
coarse,  loosely  compacted  sandstones,  with  some  subsidiary  bands  of  shale, 
and  three  very  strong  bands  of  limestone,  from  which  all  the  animal  remains 
have  been  obtained,  the  few  plants  being  all  derived  from  sandstone 
bands. 

Though  the  distinction  between  these  two  subgroups  is  traceable  in  the 
field,  they  are  so  closely  associated  that  the  fauna  may  be  treated  as  a 
whole  and,  as  the  few  fossils  of  the  Maleri  subgroup  have  already  been 
mentioned,  there  will  be  no  difficulty  in  separating  them  in  the  subjoined 
ist  of  the  fauna  and  flora  of  the  combined  group  : — 

1MAL1A. 

Pisces  ,—contd, 

Tetragonolepisr  ugosus. 

Dapedius  egertoni. 

Ceratodus  hunterianus. 

„  wc.pa. 

Reptilis  — 

Hyperodapedon  huxleyi. 

,,  sp. 

Pachygonia  incurvaia. 

Belodou,  sp. 

Parasitchus  hislopi. 

Massospondylus,  sp. 


a: 

Crustacea — 

Estheria  ketahensis. 

Candona  kotahensis. 

Insecta — 

U  ndelermined — 

Lepidotus  deccanensis. 

„  longiceps. 

„  pcchylepis. 

„  calcaratus. 
Tetragonolepis  oldhami. 


Filices— 

Angiup/eridium  spathulatum, 

CVCADEACEJE  - 
*  f  1‘tilopbyUum  acutifolium. 
Cycaditts,  sp. 

1  i  ferns 


CONIFER-Ai. 

t  Piilissyu  coi/fert.i. 

t  Cl’lrolepis,  ci  muenderi. 
*  Araucuriles  cutchensis. 

Irs,  XVIII,  267,  (1881). 
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In  the.  list  an  asterisk  prefixed  <n  a  spreies  shows  that  it  is  also  known 
(ruin  the  Jabalpur  group,  a  dagger  that,  it  is  found  in  (he  RAjitsabifl  group  of 
the  RdjmahAI  hills,  or.  in  the  case  of  Cheirolejns  muensteri,  in  the  Golapilii  , 
beds.  With  the  exception  of  the  last  mentioned  species,  all  the  plants  are  • 
found  in  the  Sripenaatur  or  some  of  the  other  groups  of  the  same  age  on 
the  cast  coast.  We  may  consequently  regard  the  Kofca-Maleri  beds  as 
somewhat  later  in  age  than  the  Rajmahdi  group,  and  nearly  equivalent  to 
the  Sripermatur,  though  possibly  somewhat  newer,  ' 

The  palaeontological  relations  of  the  animal  remains  will  be  treated  in 
the  next  chapter,  and  ail  that  need  be  noted  here  is  the  occurrence  of  the 
PAnchet  form  Pachygonia  incurvnta.  The  animal  is  believed  to  be  speci¬ 
fically,1  certainly  gcnerically,  identical  with  that  of  the  PAnchet  group,  and 
its  presence  here  along  with  a  flora  which  indicates  a  much  newer  age  is 
remarkable. 

The  discovery  of  animal  remains  in  the  Oemva  group  of  the  SAJpuras 
and  south  Rewa  has  been  already  noticed.  In  the  former  area  they  are 
represented  by  scuteTand  vertebrae  of  Parasuchus  and  Mastodvusaurus, 
in  the  latter  by  remains  of  two  species  of  Hypcrodapcdon  and  Parasnchm ,  . 
The  material  is  not  sufficient  for  establishing  those  specific  identifications 
which  would  alone  allow  us  to  assign  the  groups  to  the  same  horizon,  but 
the  resemblances  are  suggestive  and  the  position  of  the  Deihva  group, 
below  the  Jabalpur  and  separated  from  it  by  the  Bagra  group,  places.it 
stratigraphically  on  very  much  the  same  horizon  as  is  indicated  by  the  plant 
fossils  of  the  Kota-MalAri  group. 


Resting  on  the  Kota-MaKri  beds  is  a  group,  which  was  separated  by 
Dr.  King2  under  the  name  of  Chikiila,  from  a  village  of  that  name  situated 
close  to  their  boundary,  though  actually  upon  the  Kota  sandstones.  They  ; 
extend  along  the  eastern  side  of  the  GondwAna  outcrop,  with  a  width  of 
eight  to  ten  miles,  for  nearly  seventy  miles,  from  Rebni  in  the  WardhA  basin 
to  the  reach  of  the  GodAvari  below  Enchapalli.  ' 

The  group  is  composed  of  soft  sandstones  and  heavy  bands  of  conglo¬ 
merates  of  white  quartz  pebbles.  Clay  bands  and  seams  of  shale  .are  fre-  ■ 
quent  and  the  group  is  very  ferruginous,  the  iron  ore  is  collected  .and 
worked  into  iron  to  a  considerable  extent. 

The  relations  of  this  group  to  the  Kota-Maldri  are  obscure,  but  there 
appears  to  be  a  slight  unconformity.  It  was  believed  by  Dt.  King,  on 
the  ground  of  its  lithological  similarity,  to  represent  the  Tripetty  saneb 
stones  of  the  coastal  region — a  correlation '  which  is  not  inconsistent  with  ■  • 
its  relations  to  the  Kota-Maldri  group.  '  ' 

LytJekker,  Records,  X,  34,  (XS77);  XV,  [  2  Memoirs-,  SVIH,'  140,  (1881).  ' 
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CoKHUB*  JB-;  eoutlf.  '  -  .  . 

*  Arauonritfs  cutchemis..  ' 1  .  ■ 

Branliyphyllmi  vtnmmillitre.  ,  .  , 

*  Echinostrobm  expflnsus,  ‘  ■  , 

Echinustrobus  rhombi  cusi 
Taxiies  tenerrimns. 

Gingko  lobatn.  '  ' 

piwnicupsis,  sp. 

Cstekn  t!aviskia,-tsp. 

it  will  be  seen  that  nearly  as  many  Rfijmahdl  as  Umia  species,  five  of  the 
former  and  six  of  the  latter,  are  found  in  the  Jabalpur  group,  so  far  as  the. 
flora  has  hitherto  been  determined. .  It  should,  however,  be  remembered 
that  the  known  species  of  the  Rdjtnahdl  flora  are  nearly  fifty  in  number, 
while  those  of  the  Umia  flora  are  much  less  numerous,  about  twenty-two.3 
Moreover,  the  Jabalpur  beds  are  distinguished  by  a  conspicuous  want  of 
many  of  the  commonest  and  most  characteristic  Rdj mahil  plants,  such  as 
the  broad  leaved  species  of  Pterophyllum. 

On  the  whole,  the  Jabalpur  beds  are  probably  on  nearly  .the  same 
horizon  as  the  Umia  beds  of  Cutch,  but  possibly  represent  a  period  inter-' 
mediate  between  the  Umia  and  Rajmahil  groups,  though -nearer  to  the 
former.  At  the  same  time  the  circumstance  that  no  representative  of  the 
Jabalpur  flora  has  yet  been  found  on  the  east  margin  of  the  Indian.  Penin¬ 
sula,  to  which  the  Rdjmahdl  flora  is  confined,  suggests  that  the  distinction 
may  be  due  to  the  beds  having  been  formed  in  different  botanical  regions. 
Bearing  in  mind,  however,  the.  large  amount  of  evidence  which  exists  to 
show  that  the  greater  part,  if  not  the  whole,  of  India  proper  was  a  land 
area  in  Gondwdna  times,  this  idea  of  the  country  having  been  divided  into 
distinct  botanical  regions  is  less  probable  than  the  theory  of  a  difference 
in  age  between  the  Rdjmahil  and  Jabalpur  groups.  '  •  . " 

The  plant  bearing  beds  of  the  Umia  group  in  Cutch  are  only  mentioned 
here  because  of  their  relations  to  the  uppermost  beds  of  the  Gondwrina. 
series.  The  name  Umia  is  derived  from  a  village  about  50  miles  north¬ 
west  of  Bhuj,  the  chief  town  of  Cutch.  The  group  will  receive  a  fuller 
description  under  the  head  of  the  Jurassic  formations,  and  an  account,  will 
there  be  given  of  its  mineral  character  and  animal  fossils.8 

The  special  interest  of  this  group  in  connection  with  those  just  enu¬ 
merated  is  due  to  the  fact  that  beds  containing  plants,  several  of  which 
are  identical  with  those  of  the  Jabalpur  beds,  are  interstralified  ivith  rocks  - 
yielding  marine  fossils.  ■ : ' 

1  Dr,  FeistmUntel  enumerates  twenty-eight  I  and  others  stems  not  identified  geiierically.  - 
in  his  Memoir,  but  some  are  only  varieties  |  5  Infra,  p,  223! .  .  .,  :  ■  ■ 
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The  Kdthi  dwdr  beds  have  been  regarded  as  the  equivalents  of  the  Umia. 
group  in  Cutch,  and  the  lithological  resemblance  and  geographical  prox¬ 
imity  are  certain!}'  in  favour  of  correlating  them  with  the  only  group,  of  the 
more  extended  series,  which  appears  to  have  been  deposited  under  similar 
conditions,  but  four  of  the  seven  species  of  plants  recognised  are  found  both 
in  the  Umia  and  Jabalpur  groups  and  three  in  the  latter  alone.  The 
palaeontological  relationship  is  consequently  closer  with  the  more  geo¬ 
graphically  remote  beds,  and  if  the  Kdthiawdr  sandstones  are  the  equi¬ 
valents  of  the  Umia  group,  they  indicate  a  greater  approximation  in  age 
between  the  latter  and  .the  Jabalpur  group  than  a  direct  comparison  of  the 
two  floras  would  necessarily  imply. 


CHAPTER  VIII. 


HOMOTAXIS  OF  THE  GONDWANA  SYSTEM. 


Comparison  of  Gondwana  and  European  floras — Palaeontological  relatic 
nriains— Asiatic  representatives  of  the  Gondw&na  system — Represe 
system  in  Australia  and  in  South  Africa— Correlation  of  the  r< 
continents — A  former  land  connection  between  India  and  Africa — B< 
of  the  permanence  of  oceans-— and  on  the  hypothesis  of  secular  varia 


:>f  the  animal  re¬ 
ives  of  the  Gond- 
EjToups  in  the  four 
ig  on  the  doctrine 
s  in  latitude. 


In  the  preceding  chapters  all  reference  to  the  very  interesting  question 
of  the  age  of  the  Gondwana  system,  as  compared  with  the  geological  se¬ 
quence  in  Europe,  has  been  purposely  omitted.  The  subject  is  one  whose 
interest  and  complexity  deserves  a  special  treatment,  and  it  would  have 
been  impossible  to  deal  with  its  bearing  on  several  of  the  most  important 
problems  of  theoretical  geology  that  are  still  unsettled,  without  interrupting 
the  general  description  of  the  stratigraphy  of  the  Gondwana  system. 

The  writer  of  these  pages  is  fortunate  in  the  fact  that  the  bitter  con¬ 
troversy  which  long  raged  over  this  question,  is  now  practically  extinct. 
The  history  of  this  controversy  would  be  an  interesting  one,  showing, 
as  it  does,  how  truth  is  ultimately  arrived  at  by  the  contact  of  conflicting 
opinions,  each  involving  an  element  of  falsehood  and  each  containing  a 
large  amount  of  truth.  But  the  purpose  for  which  this  book  has  been 
written,  and  that  for  which  it  will  principally  be  consulted,  is  the  state¬ 
ment  of  the  present  state  of  our  knowledge,  and  a  recapitulation  of  the  past 
would  be  a  task  as  uncongenial  in  its  execution  as  unprofitable  in  its  re¬ 
sult.  The  main  points  for  which  the  members  of  the  Geological  Survey  have 
contended  were  accepted  at  last,  even  by  the  talented  palaeontologist  who, 
alone  among  his  colleagues,  disputed  them,  and  the  last  smouldering 
embers  are  mere  minor  and  unimportant  differences  of  opinion  as  to  the 
exact  position  of  certain  individual  groups  of  the  Gondwana  system. 


The  most  obvious  method  of  determining  the  age  of  the  rock  groups  of 
the  Gondwdna  system  would  be  a  direct  comparison  of  the  fossils  they 
contain  with  those  of  Europe.  Unfortunately  this  method  leads  to  very 
unsatisfactory  and  inconclusive  results. 

11  we  take  the  flora  of  the  Damuda  series  we  find,  according  to  Dr, 
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OOLITE— 

Sphmopteris  arguta,  L.  &  H.,  identical. 

ffymenophyllites  bunburyanus,  Fstm.,  allied  to  Tympanophora  rocemosa,  L.  &  H. 

Alethopteris  indica,  O.  &  M„  allied  to  A.  wkitbyensis,  L.  &  H. 

Pterophyllum  fissum,  Fstm.,  allied  to  P.  minus,  L.  &.  H.,  a  Rhaetic  species  also. 

WiUiamsonia,  cf.  gigas,  Carr.,  probably  identical. 

Araucarites  macropterus,  Fstm.,  allied  to  A.  brodiei,  Sap. 

These  two  floras  were  regarded  by  an  eminent  palaeontologist  as 
indicating  a  triassic  and  a  liassic  age  respectively,  but  the  most  striking 
points  about  them  ar firstly,  the  want  of  definite  evidence  of  a  difference 
of  age  corresponding  to  the  great  stratigraphical  break  and  palaeontologi¬ 
cal  contrast  between  the  two  groups  and,  secondly ,  the  extremely  hetero¬ 
geneous  nature  of  the  alliances  exhibited  by  the  flora.  For  the  last  of 
these  an  explanation  will  be  found  in  the  sequel,  but  it  is  also  largely  due 
to  the  absence  of  any  true  test  of  relationship  in  fossil  plants.  The  shell 
of  a  marine  mollusc,  the  test  of  a  crustacean  or  the  cup  of  a  coral  give 
real  clues  to  the  zoological  position  of  the  animal  they  once  formed  parts 
of,  but  leaves  or,  in  the  case  of  ferns,  fronds,  either  barren  or  with  the  fructi¬ 
fication  too  obscure  to  be  determinable,  are  all  that  we  have  when  dealing 
with  fossil  plants,  and  these,  which  have  the  least  weight  in  determining  the 
relationships  of  living  plants,  are  often  only  imperfectly  preserved.  When  a 
number  of  leaves  are  found,  all  showing  the  same  shape  and  venation, 
there  is  a  considerable  probability  that  they  belonged  to  the  same 
species,  but  when  small  differences  are  observed,  which  lead  to  their  being 
classed  as  belonging  to  distinct  species,  there  is  no  certainty  that  they  did 
not  belong  to  plants  widely  separated  from  each  other  in  all  important 
characteristics,  while  plant  remains  that  are  classed  under  distinct  genera 
or  even  families  may  have  belonged,  not  merely  to  closely  allied  species 
but  may  have  formed  different  parts  of  one  and  the  same  plant.  It  may 
consequently  result  that  a  plant  fossil  may  most  resemble  one  of  a  very 
different  age,  which  possibly  would  prove  to  be  widely  distinct  from  it  did 
we  but  know  the  whole  of  both. 

The  alliances  of  the  PAnchet  flora  are  shown  in  the  following  table5 :  — 

Trias — 

Schizoneura  gondwanensis,  Fstm.,  allied  to  S  paradoxa,  Scliimp. 

Rhjetic — 

Pecopteris  concin  to,  Presl.,  identical. 

Cyclopteris  pachyrhaca,  Gopp.,  identical. 

Oleandridimn,  cf.  stenoneuron ,  Schenk.,  probably  identical. 

Thinnfeldia  odontopteroidcs ,  Morr  ,  allied  to  T.  rohtndata,  Nath. 

JURA- 

Samaropsis,  cf.  parvuln,  Heer. 

Iii  the  last  case,  however,  the  resemblance  is  of  little  value. 

'  Pal.  Mica,  series  xii.  HI.  |>t.  ii.  S>,  (iSS<»). 

O 
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if  ivr  pass  upwards  to  the  Jabalpur  andUmia  groups  we  find,  a . much 
more  homorencoits  flora,  as  is  indicated  by  the  following  statement  of  the 
alliances  wilh  European  fossil  plants: —  .  •  •  '  •  *- 

Alliances  of  the  Jabalpur  Flora.1  •  '' 

lias-  '  .  \  •  ;  >■  ' 

OioanniUcs  gracilis,  Schimp.,  identical. 

Lower  Oolttb—  ■  ‘  • 

Sphcnopleris,  cf,  m-guta,  L.  &  H.,  probably  identical,  ■ 

Alelhopieris  lob  folia,  Schimp.,  identical.  •  .  ■  ' 

„  i mhUbyensu ,  Gopp.,  identical.  •  - 

Podozmniles  lanceolatus,  L.  &  H.,  identical.  ,  , 

Willimnsonia,  cf.  gigas,  probably  identical.  ‘ 

Cycaditesl  ci.  gramittcus,  Heer.,  probably  identical.  ■  .  ' 

Araucarites  cutahensis,  Fslm.,  allied  to  A.  phittipsi,  Carr. 

BrachyphyUum  mammilletre,  L.  &  H.,  identical.  .  - 

Echinostrobus  expansus,  Schimp.,  identical. 

Alliances  of  the  Umia  Flora.®  '  • 

Oleandridinm  vittatum,  Schimp.,  identical.  '  ’ 

Actincfleris,  sp.  allied  to  A,  peltaia,  Schenk. 

Lower  Oolite — 

Oleandridinm  mttaium,  Schimp.*  identical. 

Alelhopieris  •mhithyensis,  Gopp.,  identical; 

Pachypteris  specified,  Fstm,,  allied  to  P.  lanceolate,  Brgt; 

Otosamites,  cf.  goldiaei,  Brgt.,  probably  identical; 

„  imbricatus,  Fstm.,  allied  to  O,  brongniarti;  Sap. 

Cyeadites  cutclusnsis,  Fstm.,  allied  to  0.  zamioides,  Leek. 

Williamsonia  blanfordi ,  Fstm.,  allied  to  IV.  sp.  Carr.  ’  •  ,  . 

Taxites  cf,  laxus,  Phill,,  probably  identical. 

Pachyphyllvm  divaricatum,  Bunb,,  identical.  •  •  ,V 

Echinostrobus  expansus,  Stbg.,  identical. 

Araucarites  cuiehensis,  Fstm.,  allied  to  A.  broiiei,  Carr. 

Upper-Jura  (Kimmeridge  ?)•—  ,  ' 

Gycadelepsis  pilosa,  Fstm,,  allied  to  C.  hirta,  Sap.  •  ..  -- 

Reviewing  the  evidence  of  the  Gondwttna  plants,  we  find  that  the  two  most 
important  of  the  floras,  those  of  the  Damuda- and  R^jmaMt  series,  do  not 
show  a  definite  relation  to  any  single  horizon  of  the  European  sequence, 
nor  do  they  show  any  distinct  evidence  of  a  difference  of  age.-  The,  flora  , 
of  the  Pdnchet  group  has  a  much  more  defined  relationship  to,  the  rhaetic, 
and  the  beds  might  have  been  referred  to  this  age  on  the  evidence. of  the 
>  plants  alone,  were  there  not  other  consideration  s,  to  be  detailed  below  ■ 
pointing  to  an  older  date.  The  Jabalpur  and  Umia  floras  show  a  still 

'Pal,  Indica,  series  xii,  II,  f3, (1877).  '  j  *  Pel  Iiificv,  scries  xii,  Ilf  .63,  (»8;6). 
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greater  definiteness  of  relationship,  in  this  case  to  the  lower  oolite,  and 
though  the  latter  group  was  described  as  newer  than  the  former,  the 
difference  in  age  of  the  two  is  possibly  not  so  great  as  to  introduce  any 
difficulty.  1  he  Cutch  plant  beds  are,  however,  found  resting  on  marine 
deposits  whose  Cephalopoda  show  that  they  are  of  uppermost  oolitic  age,  and 
are  overlaid  conformably  by  beds  containing  upper  neocomian  ammonites;1 
there  is  consequently  a  direct  conflict  here  between  the  evidence  of  the 
marine  mollusca  and  the  fossil  plants,  and  the  question  of  which  is  to  be 
preferred  arises. 

This  will  not  be  discussed  here  in  detail,  but  the  explanation  is  to  be 
found  in  (he  diversity  of  the  forms  of  terrestrial  life  inhabiting  distant 
regions  of  the  earth  at  the  present  day.  There  is  a  much  greater  differ¬ 
ence  between  the  terrestrial  faunas  and  floras  of  Africa,  Australia  and 
America  than  between  the  animals  inhabiting  the  Atlantic,  Indian  and 
Pacific  oceans,  and  it  is  a  common  circumstance  to  discover  fossil  remains 
of  animals  and  plants,  without  any  living  representatives  in  neighbour¬ 
ing  lands,  but  allied  to  forms  still  living  in  a  distant  region.  Such  was 
also  the  case  during  the  Gondwina  epoch,  and,  as  will  appear,  the  distinc¬ 
tions  at  its  commencement  were  even  more  trenchant  than  at  the  present 
day. 

If  we  turn  from  the  plants  to  the  animal  remains  found  in  the  Gond- 
wdna  system,  the  evidence  is  little  less  ambiguous.  The  Gondtoanosaurus 
from  the  Bijori  group  belongs  to  the  family  Archegosauri'dse ,  which  in 
Europe  is  principally  carboniferous  and  permian,  though  a  specialised  form 
ranges  into  the  trias.  The  affinities  of  the  Indian  specimen  are  said  to  be 
permian.  On  the  other  hand,  Brachyops  laticeps, from  the  Mingli  group, 
which  is  believed  to  be  of  about  the  same  age  as  the  Bijori  group,  is 
in  Europe  only  allied  to  Rhinosaurus,  a  jurassic  form.2  Its  nearest  allies 
are  to  be  found  in  the  Karoo  beds  of  South  Africa. 

The  reptiles  of  the  Pdnchet  group  exhibit  but  little  connection  with 
European  forms,  and  their  connection  with  the  South  African  fauna  will  be 
noticed  further  on. 

In  the  Kota-Maleri  and  Denwa  groups  the  genera  Belodon,  Id y per o  da- 
pedon ,  and  Mastodonsaurus  are  all  represented  in  the  upper  trias  of 
Europe,  the  first  and  last  being  also  known  from  rhsetic  beds.  Parasuchus 
belongs  to  the  same  typically  mesozoic  group  of  crocodiles  with  biconcave 
vertebrse  as  Belodon ,  and  is  placed  with  it,  by  Prof.  Huxley,9  in  a  section  of 
the  family  which  is  almost  confined  to  triassic  rocks  in  Europe.  Of  the 
fishes  represented  in  the  Kota-Maleri  group  the  genus  Lepidotus  ranges 
from  the  lias  to  the  lower  chalk,  and  the  Kota  species  were  regarded 


1  Infra  p.  286. 

5  Pat.  Indica,  series  iv,  I,  13,  (1885). 


1  Quart,  four. 


3/.  Soe.,  XXXI,  427.  (lS"5)» 
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by  Sir  P.  Egerton,'  as  showing  liassic  or  oolitic  affinities,  Tetragonolepis 
is  only  known  from  liassic  beds,  and  Dapedius  is  also  a  liassic  gfentfs. 
Ceralodus  is  principally  triassie,  but  species  have  been  found  in  beds  .of' 
later  date,  and  the  genus  is  still  living  in  Australia.  ’ , 

Here  the  fauna  of  the  Mal6ri  group  indicated  an  earlier  age  than  that 
of  the  Kota,  and  in  this  agrees  with  the  relative  stratigraphical  position  of 
the  two  groups,  but  the  fossils  indicate  a  much  greater  difference  in  the 
age  of  the  two  rock  groups  than  their  intimate  stratigraphical  association 
suggests,  and  we  have  very  much  the  same  palaeontological  contradiction 
as  there  is  between  the  land  plants  and  marine  animals  of  the  Cutch 
jurassics,  -  ' 


From  the  coalfields  of  Tongking  a  fossil  flora  has  been  described*  which 
contains  certain  Gondwdna  forms,  and  exhibits  a  much  closer  -relation  to  a 
definite  European  horizon  than  any  of  the  groups  of  that  system.  Out  of  a 
total  of  nineteen  species,  ten  are  found  in  the  rhastic  beds  of  Europe,  and 
eight  of  the  remainder  in  India;  of  the  latter  Phyllolheca  indica, 
Paleeovittaria  kursi,  Macrot&niopteris  fed  deni ,  Glossopteris  browniana, 
and  No egera tb iopsis  hislopi,  are  Damuda  forms,  and  the  RdjmahiJ  and 
Sripermatur  groups  are  represented  by  Angiopteridium  '  spathulatum,, 
Taeniopteris  ensis  and  Otozamites  rarinervts,  Here  the  evidence,  so  far: 
as  it  goes,  is  distinctly  in  favour  of  regarding  the  Tongking  beds  as  rhsefic 
in  age  and  intermediate  between  the  Damuda  and  Rijmahdl  series  -in’  India, 
or  more  or  less  contemporaneous  with  the  Pdnchets,  whose  flora  has  also  a 
rhastic  facies. 


Outside  the  limits  of  India  proper,  in  north-western  Afghanistan,  a 
series  of  coal  bearing  sandstones,  intercalated  with  marine  beds,  and  having 
at  its  base  a  boulder  bed  precisely  similar  in  character  to  that  of  the 
Talchirs  has  been  described  by  Mr.  Griesbach.1  The  general  classification 
of  the  beds  as  adopted  by  him  is  as  follows 


Formation. 

Localities,  .  "  ' 

Densely  red  grits  and  sandstone, 

:  shales  with  plant  remains. 

Trap. 

Dark  bluish  grey  grits  and  sand- 
Ash-bods? 

^Sandstone  and  black  alum  shales 
with  plant  impressions ;  marine 

/  Upper  Almar  stream  near  Paih- 
,(  guzar:  Astar-ab  below  Paismtb. 
f  Khorak-i-Bala,  north  of  the  Kara 

\  K0I1. 

Doab  north  of  the  Kara.  Kota!.'  . 

*  Pal  Indira,  series  ivr  I,  2,  (1875),  "Ganoid  | 
lushes  from  the  Deccan."  ,  I 

s  R.  Zeiller-.  t£  Examen  dela  ftore  fossile  des 
coaches  de  charbon  du  Tongking-,  Annates 
Mines,  Sth  series,  II,  299,(1882).  The 


details  in  the  text  are  taken  from  Pal.  Indl 
series  xii,  IV,  Introduction,  pp,  xr-xvii,  (18861. 

*  Records,  XIX,  239,  (1816).  The  uppermost 
red  grits  were  afterwards  said  to  be  neoco- 
[  miaii.  Records,  XX,  94,(1887).  - 
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gondwanas  of  Afghanistan. 
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Age. 

Formation. 

Localities. 

Upper  Trias  or  Rhae- 
tic. 

/’Upper  . 

Up perTrias  <  Middle. 

\  Lower  . 

Light  coloured  sandstones  and 
shales  with  coal  seams. 

Great  thickness  of  marine  sand¬ 
stone,  limestone,  and  shales  with 
coal  seams.  Sckizoneura  sp.,  etc. 

Brown  sandstones  and  shales  with 
coal  seams.  Equisetltes  colum-  1 

Marine  sandstone  and  limestone 
beds.  Halobia  lorn  melt,  Motwtis 
salinaria. 

Kotal-i-Sabr  (north  slope  of  Kara 
Koh),  Shisha  Alang. 

Cbahil ;  Shisha  Alang. 

Chabil,  north  slope  of  KotaM-Sab^, 

Cbahil. 

Permo-Carbon  . 

Altered  shales  (mica-schist,  etc.) 
with  graphitic  and  anthracitic 
seams.  Clay  shales  with  impure 
coal.  The  whole  traversed  by 
homblendic  granite. 

Saighan;  Ak  Robat  Kotal,  north. 

Coarse  conglomerate  in  greenish 
matrix,  altered  by  granite. 

Palu  Kotal  and  gorge ;  Ak  Robat. 

Massive  dark  limestone  with  bra- 
chiopod  casts. 

Ditto  ditto  ditto. 

There  can  be  little  doubt  that  these  beds  are  the  equivalents  of  the 
Gondwana  system  of  the  Indian  Peninsula  and  will  be  of  the  greatest  im¬ 
portance  in  determining  the  age  of  the  various  members  of  that  system, 
when  they  have  been  more  fully  studied.  At  present  the  subdivisions  of  the 
series  of  beds  seen  in  Afghanistan  cannot  be  correlated  with  those  of  the 
GondwAnas  in  detail,  while  as  regards  the  correlation  of  the  beds  with  the 
European  sequence,  it  must  be  remembered  that  no  fossils  from  this  area 
have  been  critically  determined,  and  the  correlation,  depending  merely  on  a 
field  determination  of  two  or  three  species,  may  be  upset  by  a  fuller 
study  of  the  fauna  and  flora  as  a  w'hole.  It  is  necessary  to  bear  this  in 
mind  as  the  horizon  indicated  by  Mr.  Griesbach,  for  the  coal  bearing  beds 
of  Afghanistan,  is  higher  than  that  which  we  shall  have  cause  to  regard  as 
the  horizon  of  the  Barakar  or  RAnfganj  groups,  their  probable  equivalents 
in  India.  The  country  in  which  these  AfghAn  GondwAnas  are  developed  is 
not  open  to  detailed  examination  by  Europeans,  such  information  as  is  avail¬ 
able  having  been  obtained  during  rapid  journeys  through  the  country,  and 
until  a  closer  and  more  detailed  examination  of  them  can  be  made  they  have 
not  the  importance,  from  the  present  point  of  view',  that  their  proximity  to 
India,  and  the  occurrence  of  beds  containing  marine  fossils,  intercalated  with 
those  which  contain  the  fossil  plants,  would  otherwise  give  them. 


If,  instead  of  looking  to  the  west  or  the  east,  we  turn  to  the  south,  we 
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will  find  in  Australia  a  scries  of  finds  which  clears. tip  tin;  vexed  question 'Of 

I. 1k;  homofaxis  of  the  Gonrlwdnas  in  a  wonderful  manner.  - 

From  Baeclm.s  marsh  in  Victoria  three  species' of  Gangamopicris  .have 
linen  obtained,  but  of  this  very  limited  fauna  one  species  is  identical  with, 
and  the.  other  two  allied  to,  Karharb.-iri  forms.  This  would  ini  itself  suggest 
a  correlation  of  the  Bacchus  marsh  with  the  Knrharbdri  beds,  and  there  is 
further  evidence  in  the  presence  of  large  blocks  of  granite  and  pebbles,  of 
rocks  that  must  have  travelled  long  distances,  imbedded  in  a  fine  grained 
matrix  of  mtul.1  Like  the  Takhir  boulder  bed,  the  beds  are  of  glacial  origin, 
and  this,  combined  with  the  palaeontological  evidence,  justifies  us  in 
regarding  them  as  the  equivalents  of  the  Indian  Takhirs. 

By  itself  this  would  be  of  little  importance,  as  the  Bacchus'  marsh  ex¬ 
posure  is  small  and  the  beds  cannot  be  palseonlologically  connected  with  any  ■ 
others  of  known  age.  But  there  is  in  New  South  Wales  a  much  better  and 
more  complete  section,  which  is  in  fact  the  standard  one  for  Australian 
geology,  so  far  as  the  period  we  are  dealing  with  is  concerned.  The 
sequence  has  there  been  divided  into  the  following  groups  : — ' 

6.  Wianamatta  shales, 

5.  Hawkesbury  sandstones.  -  '  '  - 

4.  Newcastle  beds,  or  tipper  coal  measures.  ■  .  ■ 

3.  Upper  marine  beds,  with  carboniferous  fauna.  ,  A 
2.  Stony  creek  beds,  or  lower  coal  measures.  i  Mttree  beds. 

1.  Lower  marine  beds,  with  carboniferous  fauna.  ) 

The  marine  beds  are  important  on  account  of  the  fossils  they  contain, 
and  because  they  give  us  a  fairly  definite  geological  horizon  to  start  from. 
Their  equivalence  to  the  glacial  beds  at  the  base  of  the  speckled  sandstone  ’ 
in  the  Salt  range,  and  the  close  alliance  of  the  fauna  of  these  last  named 
with  that  of  the  Australian  marine  carboniferous  beds,  has  already  been 
referred  to,8  and  need  toot  be  recapitulated  here. 

The  only  palaeontological  evidence  bearing  on  the  correlation  of  the 
Bacchus  marsh  beds,  with  the  sequence  in  New'  South  Wales  is.  the 
occurrence  of  Gangamopteris  angitsUfolia  in  the  Newcastle  beds.  But 
there  is  weightier  evidence  of  a  different  character,  which  renders  it  certain 
that  the  marine  beds,  and  not  the  overlying  Newcastle  beds,  are. the  true 
equivalents  of  the  glacial  boulder  clays  of  Bacchus  marsh. 

The  marine  beds,  and  especially  those  immediately  associated,  with  the  . 
lower  coal  measures  of  Stony  Creek  are  composed  of  a  fine  grained  matrix 
of  sand  or  shale,  enclosing  numerous  delicate  Fenesiella}  and. bivalve  shells 
with  their  valves  still  united,  which  had  lived,  died  and  been  tranquilly" 
preserved  where  they  are  now  found,  thus  proving,  as.  conclusively  ,-as  . 

’  Report  on  Hie  geology  of  the  district  of  I  p.  10. 

Ballon  by  Richard  Daintree,  Melbourne,  1866,  |  s  Snpira,  p.  121.  ■  ]  -  . 
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the  texture  of  the  matrix  in  which  they  are  preserved,  that  they  could 
never  have  been  exposed  to  a  current  of  an  great  rapidity.  Scattered 
through  this  matrix  there  are  are  numerous  more  or  less  subangular 
blocks  of  stone,  of  all  sizes,  ranging  up  to  several  feet  in  diameter,  some 
of  which  exhibit  most  characteristically  developed  glacial  striee.  It  was 
not  mere  velocity  of  current  that  brought  these  fragments,  and  deposited 
them  where  they  are,  for  to  move  even  the  smallest  of  them  would  require 
a  current  that  would  have  swept  away  the  matrix  in  which  they  are 
imbedded,  and  destroyed  the  delicate  fossils  with  which  they  are  asso¬ 
ciated.  They  must  have  been  floated  to  their  present  position  and  dropped 
|  on  to  the  bottom  of  a  tranquil  sea,  and  taking  into  consideration  their 
abundance,  as  well  as  the  distinct  traces  of  glacial  action  that  some 
of  them  exhibit,  the  only  agency  than  can  be  appealed  to  is  that  of  floating 
icebergs.1 

We  find  then  that  the  marine  carboniferous  deposits  of  New  South 
Wales  were  formed  during  a  period  of  exceptionally  cold  climate,  and  it  is 
to  the  latter  that  we  must  look  for  an  equivalent  of  the  glacial  beds  of 
Bacchus  marsh  rather  than  to  the  overlying  Newcastle  beds,  which  indicate 
a  more  temperate  climate  at  the  time  of  their  formation. 

The  lower  coal  measures  consist  of  a  comparatively  thin  band  of  sand¬ 
stones  and  coal,  intercalated  between  the  lower  and  upper  marine  beds. 
The  fact  of  this  intercalation  has  been  questioned,  on  account  of  the 
supposed  mesozoic  age  of  the  flora  obtained  from  them.  But  no  one  who 
had  actually  examined  them  in  the  field  doubted  the  intercalation,  and 
it  is  now  too  well  established  to  be  questioned.  Under  these  circumstances 
it  is  important  to  see  what  are  the  plants  which  co-existed  with  a  marine 
fauna  of  carboniferous  type.  The  following  is  the  list  given  by  Dr. 
Feistmantel  s : — 

Phyllotheca  australis.  j  Glossopteris  elegans. 

Annularia  australis.  „  pfimasva. 

Glossopteris  brovmiana.  Nceggerathiopsis  prisca, 

„  clarkei.  I 

At  a  glance  the  flora  can  be  seen  to  be  of  the  type  of  the  lower  Gond- 
wdnas,  in  India,  and  to  differ  totally  from  the  European  flora  of  corre¬ 
sponding  age.  The  same  alliance  with  the  lower  Gondwdna  flora  is  to  be 
seen  more  conspicuously  in  the  following  list  of  the  plants  of  the  Newcastle 
beds:— 

Phyllotheca  australis.  1  Sphenopteris  alata. 

Vertebraria  australis.  '  »  flexuosa . 

1  Records,  XIX,  39,  (1S86) ;  Quart.  Jour,  r  and  notices  of  previous  literature,  is  given  by 
Geol.  Soc.,  XLIII,  190,  (1887)  the  same  author  in  Sitzungsber.  K.  bohm.  Gn- 

a  O.  Feistmantel,  Palaontographica,  supple-  Wiss.  1887,  pp.  55-77.  and  in  Jour.  Roy,  Soc. 
ment,  1878-79.  A  resume—,  with  lists  of  fossils  I  New  South  Wales,  XIV,  103,(1881).. 
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Glossopteris  reticulum. 

„  tceniopteroides. 

„  wilkinsom ■  ' 

Gangumapteris  angmtifolia , 

CaulopUris  (?)  ndumst,  , 

Zeugophyttites  elongaius. 
Naggeraihiopsis  media.  ,  '  , ,  .  - 

„  spaihulata. 

Braehyphyllum  auUrale. 

Of  these,  Gangamopteris  angustifolia  and  Glossopteris  browniana  aye 
also  found  in  India,  the  former  in  the  Taichir  and  Karharbiri  groups,  .the 
latter  in  the  Damuda  series.  'I  hree  species  of  Glossopteris,  G.  linearis ,  G. 
ampla,  G.  parallela,  are  represented  in  the  Damuda  flora  by  the  allied  forms 
6".  angustifolia ,  G.  communis  and  G.  damudica.  The  Australian  Phyllotkecu 
is  very  closely  allied  to,  and  has  been  considered  identical  with,  P.  indica 
of  the  Damudas,  Vertebraria,  which  is  common  in  both  the  floras,  is  only 
known  elsewhere  by  a  distantly  related  species  from  the  Jurassic  of  Siberia,  . 
These  specific  relationships  between  the  Damuda  and  Newcastle  flora  are 
strengthened  by  the  general  resemblance  in  the  type  of  the  .floras  as  a , 
whole.  All  the  principal  and  more  characteristic  genera  of  the. Newcastle 
beds  are  represented  in  both  floras,  and  the  genus  Glossopteris  in  both 
cases  includes  about  one-third  of  the  total  number  of  species. 

The  palaeontological  evidence  would  of  itself  be  almost  sufficient  to. 
justify  the  correlation  of  the  Newcastle  and  Damuda  series,  and  when  we 
bear  in  mind  that  their  position,  relative  to  the  underlying  glacial  beds,  is 
similar  in  both  cases,  it  becomes  certain  that  the  two  coal  bearing  series 
must  be  more  or  less  completely  the  equivalents  of  each  other. 

Above  the  Newcastle  comes  the  Hawkesbury  group  of  sandstones  and 
shales.  The  few  fossils  that  have  been  obtained  from  this  and  the-  over- 
lyiDg  Wianamatta  group  are  scarcely  sufficient  to  establish  their  correlation 
with  any  particular  division  of  ihe  Gondwdna  system,  none  of  the  species 
being  found  in  India  except  Thinnfeldia  odontopteroides,  a  Pdnchet  form, 
but  there  is  evidence  of  a  recurrence  of  glacial  conditions  in  the  Hawkesbury 
beds  which  is  worth  noting.  Large  angular  fragments  of  shale,  similar 
to  that  interbedded  with  the  sandstones,  are  found  imbedded  in  a  confused 
manner,  with  their  original  bedding  planes  lying  at  all  angles,  in  a  matrix 
of  sand.  They  occur  nearly  always  immediately  above  the  shale  beds, 
and  are  accompanied  by  well  rounded  quartz  pebbles.1  It  is  difficult  to 
account  for  the  facts  that  have  been  described  without  the  agency  of  Ice,  in 
one  form  or  another,  but  they  are  in  no  way  comparable  with  the  proofs 

!  C,  S.  Wilkinson,  Jour.  Roy.Soe.  Nm  South  Wales,  XIH,  103,(1880). 


5 phenopteris  germ  ana. 

„  Juisiain* 

„  lobfolia . 

„  plumes*. 
Glossopteris  browniana. 
„  ampla, 

„  cordaia. 

,,  parallela. 
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of  glacial  action  exhibited  by  the  marine  beds.  The  evidence  indicates  the 
action  of  winter  ice  rather  than  of  actual  glaciers. 

No  evidence  of  the  recurrence  of  glacial  conditions  has  been  recorded 
in  India,  but  there  is  an  indication  of  a  return  of  cold  in  the  undecomposed 
felspar,  found  in  the  sandstones  of  the  PAnchet  group.  Undecomposed 
felspar  is  characteristic  of  the  sandstones  associated  with  the  boulder  beds 
of  the  Takhirs,  and  Prof.  Green1  nas  remarked  on  the  extreme  freshness  of 
the  felspar  in  the  glacial  beds  of  the  same  age  in  South  Africa.  The  beds  of 
glacial  origin  in  the  Indus  valley,  which  have  been  supposed  to  be  eocene8 
also  contain  an  abundance  of  fragments  of  undecomposed  felspar.  Apart 
from  these  observations  there  is  an  inherent  probability  that  sandstones 
containing  undecomposed  felspar  would  be  found  in  cold  climates.  They 
mean  that  the  disintegration  of  the  parent  rock  from  which  the  material  was 
derived,  together  with  the  transport  and  final  accumulation  of  the  debris, 
went  on  at  a  greater  rate  than  chemical  decomposition  of  the  constituent 
minerals,  and  this  might  be  due  either  to  extreme  dryness,  which  would 
retard  the  rate  of  decomposition,  or  to  an  extreme  severity  of  climate, 
which  would  accelerate  the  rate  of  disintegration. 

Taking  these  considerations  into  account,  it  may  well  be  that  the  un¬ 
decomposed  felspar  of  the  PAnchet  sandstones  indicates  a  recurrence  of  a 
cold  period,  less  severe  than  that  of  the  Talchir,  and  comparable  to  that  of 
the  Hawkesbury  group  in  New  South  Wales.  Quite  independent  of  this 
the  strati graphical  position  of  the  two  groups  would  suggest  their  correlation, 
and  the  flora,  which  contains  a  mixture  of  purely  lower  GondwAna  with 
upper  GondwAna  genera,  is  consistent  with  this  conclusion. 

Newer  than  the  Hawkesbury  beds  a  number  of  groups  of  plant  bearing 
sandstones  are  found  in  different  parts  of  eastern  Australia,  which  probably 
represent  the  upper  GondwAnas  of  India.  Their  relations  to  each  other 
have  not  been  fully  worked  out,  and  the  recorded  fossils  indicate  an 
admixture  of  specimens  obtained  from  older  beds.  In  any  case  they  are  of 
little  importance  in  the  present  connection,  and  will  not  be  further  noticed. 


In  South  Africa  we  again  find  a  representative  of  the  GondwAna  flora 
which,  though  perhaps  less  valuable  for  the  purposes  of  establishing  the  age 
of  the  Indian  formation  than  the  Australian  beds,  is  otherwise  of  great  interest 
and  importance.  The  Karoo  series,  as  it  is  nowr  generally  called,  consists 
of  a  thickness  of  many  thousands  of  feet  of  sandstones  and  shales,  with 
interbedded  coal  seams.  Like  the  GondwAnas,  they  were  at  first  regarded 
as  lacustrine  in  their  origin,  but  are  now  looked  upon  by  many  geologists 
as  having  been  deposited  by  rivers.  Whether  lacustrine  or  river  deposits, 

*  Quart.  Jour.  Geol.  Soc.,  XLIV,  244,  (18S8).  |  5  Infra,  p.  346. 


Fig.  13. — Geological  sketch  o£  South  Africa. 

G,  granite  and  gneiss,  S,  Silurian.  B,  porphyritic  intrusions.  C,  carboniferous.  Black, 
Ecea-conglomerate.  K,  Karoo  formations  and  overlying  trap.  White  (in  the  neighbourhood 
of  Algoa  Bay  and  Cape  Agulhas)  Uitenhagc  and  younger  marina  deposits. 

or  even  roots  penetrating  the  underlying  beds.  More  important  than  these 
mineralogical  resemblances  are  the  similarities  shown  by  the  fossil  flora  arid 
fauna  of  the  two  countries,  as  will  be  described  immediately.  But,  first,  it 
will  be  well  to  notice  briefly  the  distribution  and  relation  to  older  rocks  of 
the  beds  we  are  concerned  with,  -  . 

The  Karoo  formation  occupies  a  very  large  tract  of  dry  lands,  in  the 
interior  of  South  Africa,  forming  the  head  waters-  of  the  Orange  river, 
and  its  southern  affluents,  and  of  the  principal  rivers  which  issue  on  the 
south  coast.  Northwards  its  extension  has  not  been  worked  out,  but  rocks 
of  a  similar  character  have  been  observed  in  central  Africa.  Details  of  the 
palaeontology  of  these  regions,  which  alone  would  render  them  of  import¬ 
ance  in  the  present  connection,  are  however  wanting,'  Over  the  whole -of 
the  area  in  South  Africa  occupied  by  the  Karoo  system,  the  beds  lie  hori¬ 
zontally  in  general,  except  for  slight  disturbance  of  the  lower  beds  along 
the  southern  margin,  and  form  large,  flat,  desert,  plains,  known  as  Karoo, 
from  which  the  system  derives  its  name.  ■  ' 

Between  the  Great  Fish  and  St.  John’s  rivers  the  Karoo  beds  extend  to' 
the  .east  coast,  but  elsewhere  they  are  separated  from  it  by  a  series  of  ■ 
ranges  formed  of  more  or  less  disturbed  palaeozoic  beds.  Amcmg'these  the- ' 
Bokkeveld  beds  contain  a  fauna  of  distinctly  Devonian  facies,  overlaid  by 
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plant  bearing  beds,  the  Witteberge  and  Zuurberge  quartzites,  containing  a 
flora  allied  to  the  carboniferous  of  Europe. 

1  he  subdivisions  of  the  Karoo  system  have  received  a  variety  of  names 
at  different  times  from  different  authors,  but  generally  it  may  be  divided 
into  three  divisions  as  follows  : — 

3.  Upper  or  Stormberg  beds. 

2.  Middle  or  Beaufort  beds. 

I.  Lower  or  Ecca  and  Koonap  beds. 

In  dealing  with  the  palaeontology  of  this  system  we  have  the  great 
advantage  that  the  latest,  and  most  complete,  description  of  the  plants  is  by 
Dr.  Feistmantel,1  the  same  distinguished  palaeontologist  who  examined 
and  described  the  floras  of  India  and  Australia.  According  to  him  the 
specimens  from  the  lower,  or  Ecca,  group  comprised  the  following  species  : 

D.  Glossopteris  brosxniana.  j  K.  Noeggerathiopsis  hislopi . 

K.  Gangamoptcris  cyclopteroides. 

(a  variety).  I 

The  middle  or  Beaufort  beds  yielded — > 

Schisoneiira  (?)  tfricantr .  D.  Glossopteris  stricta, 

Phyllotheca  (?)  L>.  „  rotifer  a. 

D.  Glossopteris  browni anti.  K.  D.  „  damndica  ( a  variety). 

D.  „  angustifolia.  Rtibidgea  maekayi,  Tate. 

the  last  being,  according  to  Dr.  Feistmantel,  very  probably  the  same  as 
Palieorittaria  hurzi,  Fstm.,  from  the  Damudas. 

In  these  lists  the  letter  K  signifies  that  the  species  occurs  in  the  Karhar- 
bari  group,  D  that  it  is  found  in  the  Damuda  series,  and  a  glance  at  the 
list  will  show  that,  with  the  exception  of  one  doubtful  species,  all  those 
recognisable  are  identical  with  Indian  species,  and  there  can  be  no 
danger  in  correlating  the  Ecca  and  Beaufort  beds  with  the  Talchir  and 
Damuda. 

Apart  from  the  palaeontology  of  these  beds,  the  lithological  character  of 
the  lower  or  Ecca  group  would  suggest  its  correlation  with  the  Talchirs,  for 
it  contains  a  boulder  bed,  composed  of  blocks  of  stone  of  various  sizes,  im¬ 
bedded  in  a  fine  grained  matrix,  precisely  similar  to  that  of  the  Talchirs, 
and  now  .generally  regarded  as  owing  its  origin  to  glacial  action.  The 
Ecca  group  also  resembles  the  Talchirs  in  containing  beds  which  closely 
resemble  volcanic  traps  or  ashes.®  There  can  be  no  doubt  that  these 
glacial  beds  were  formed  during  the  same  cold  period  which  has  left  such 
conspicuous  traces  throughout  India  and  Australia,  and,  taken  in  con¬ 
junction  with  the  fossils,  they  leave  no  room  for  doubt  that  the  Ecca  beds  and 

1  Uebersichtliche  Darstellung  der  geologisch-  j  Ces.  Wist.,  VII.  Band  3,  (1889). 
palseontologischen  Verhaltnisse  sud  Afrikas  a  A. H. Green,  Quart,  four.  Geol.  Sac.,  XLIVi 
I  Theil ;  Die  Karooformation  und  die  dieselbe  244,  (1888). 
unterlagernden  schichten.  Abhand.  K.  bohm.  I 
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Tnlehirs  were  deposited  contemporaneously.  The  Devonian  fauna,  and  ’ 
carboniferous  flora,  underlying  them  have  been  already  referred  to,  and  as 
far  as  can  be  judged  from  the  published  description,  there  is  no  great  ■  ' 
discordance,  implying  a  long  lapse  of  time,  between  the  beds  in  which  they, 
are  found  and  the  base  of  the  Karoo  system.  >' 

Besides  the  plants,  and  much  better  known  than  them,  are  the  numer¬ 
ous  reptilian  remains,  which  have  been  found  in  the  Beaufort  beds.'  These,.  ' 
too,  show  a  very  distinct  connection  with  the  much  more  limited  lower 
GondwAna  fauna.  The  MAngli  labyrinthondont,  Brackyops  laticeps,  Owen 
is  closely  related  to  Micropholis  stowii,  Hux.,  from  the  Beaufort  beds. 
The  aberrant  genus  Dicynodon  is  represented  by  no  less  than  thirteen 
species  in  South  Africa,  and  is  not  known  elsewhere  except-  from  the 
PAnchet  group,  and  from  reputed  triassic  beds  in  North  America,  while 
Ptychosiagum  orientals  resembles  P.  declive,  Owen,  so  closely  that  the 
specific  distinction  is  difficult1 

The  age  of  the  Beaufort  beds,  as  compared  with  the  European  se¬ 
quence,  cannot  be  said  to  be  definitely  established,  the  opinions  expressed 
by  different  palaeontologists,  and  by  the  same  one  at  different  times,  having 
varied,  but  the  general  consensus  appears  to  be  that  the  reptilian  fauna 
represents  a  triassic  age.  They  have  generally  been  regarded  as  the  equi- ' 
vatents  of  the  PAnchet  group,  on  the  strength  of  the  resemblances  between 
the  reptiles  of  the  turn,  but  the  conjecture  is  open  to  question.  The  . 
genus  Dicynodon  ranges  into  the  next  succeeding  rock  group, which  also . 
contains  one  plant  identical  with  a  PAnchet  species,  and  agrees  better  in 
stratigraphical  position  than  the  underlying  Beaufort  group. 

The  uppermost  group,  of  the  Karoo  system,  again  contains'  reptilian 
remains,  among  which  is  one  species  of  Dicynodon,  and  the  following 
plants,  besides  some  undetermined  equisetaceous  stems:— 

A.  Sphenopteris  elongate.  1  Anthrophyosis,  sp. 

A.  Thinnfeldia  od onto pUr aides.  v  Alethopteris,  sp.  • 

A.  „  trilobate  (*),  A.  Podoeamites  elongatus. 

A.  Tmniopteris  carruihersi.  „  SP-  ■ 

A.  dahitreei.  J  Baiera  schetteki. 

In  this  list  the  letter  A  denotes  that  the  species  has  been’ found  in  Aus¬ 
tralia,  in  the  so  called  mesozoic  beds  of  Victoria,  Tasmania  or  Queensland, 
whose  exact  position  in  the  New  South  Wales  sequence  has  not  been 
fully  established.  The  two  species  of  Sphenopteris  have  been  found  iti 
South  America,  and  only  one  species,-  Thinnfeldia  odonlopieroides,  a 
PAnchet  form,  has  been  found  in  India.  The  probability  ,  that  these  beds 
represent  the  PAnchet  group  has  just  been  referred  to,  and  the  presence 
of  this  plant  makes  the  suggestion  more  probable.  ■ 

1  R.  Lydekfcer,  Records,  XXIII,  19,  (1890).  ’  • 
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It  will  be  seen  that  the  flora  of  the  Stormberg  beds  is  as  distinctly 
allied  to  the  Australian  one  as  those  of  the  lower  groups  are  Indian,  but 
Indian  affinities  reappear  in  the  next  succeeding  rock  group. 


In  the  neighbourhood  of  Algoa  bay  a  set  of  fossiliferous  shales  and 
sandstones,  known  as  the  Uitenhage  series,  of  no  great  thickness  and  not 
found  far  from  the  coast,  bears  much  the  same  relation  to  the  Karoo  sys¬ 
tem  of  the  interior,  as  do  the  coastal  outliers  of  the  Rdjmahal  series  to 
the  lower  Gondwdnas  of  the  interior  of  the  Peninsula.  Like  these,  they 
are  of  marine  origin  and  have  yielded  marine  fossils,  which  were  at  one 
time  believed  to  indicate  a  lower  oolitic  age,1  but  have  since  been  shown  to 
be  neocomian,*  at  least  so  far  as  the  upper  beds  are  concerned. 

The  plant  remains  that  have  been  described  appear  to  have  been  pro¬ 
cured  from  the  lower  beds  of  the  series.3  Unfortunately,  Dr.  Feistmantel 
did  not  live  to  complete  the  description  of  the  plants  of  this  series,  and  we 
have  only  the  earlier  description  of  a  more  limited  collection  by  Prof. 
Tate,  of  which  the  following  is  a  list4 

Pecopteris  atherstonei. 

„  rubidgei. 

”  afrbictana‘ 

Sphenopteris  antipodum., 

CyclopUris  jenkinsiana. 

Conifer® — 

Of  these,  Pecopteris  lobata  is  a  RdjmaMl  form,  P.  atherstonei  and  P. 
rubidgei  are  allied  to  A lethopteris  indica,  Cyclopteris  jenkinsiana  is  allied 
to  C.  oldhami,  and  the  Arthrotaxites  is  very  like  the  Rdjmahdl  Echino- 
strobus  indicus. 

The  alliances  of  the  Cycads  are  vague  and  appear  to  be  rather  with 
European  lower  oolite  than  with  R&jmahdl  forms,  but  Pecopteris  lobata 
appears  to  be  the  commonest  plant,  and  C.  jenkinsiana  is  also  abundant. 
On  the  whole,  however,  the  flora  is  distinctly  related  to  that  of  the  Rijmahal 
group,  though  the  resemblances  are  not  sufficient  to  establish  a  contem¬ 
poraneity  of  origin, 


Cycadeaceje — 

Paltzozamia  (Otozamites)  recta. 

„  ( Podozamites )  morrisii. 

„  rubidgei. 

„  (vel  Pterophyllum)  afri- 


■Arthrotaxites. 


Having  detailed  the  facts,  so  far  as  they  bear  on  the  subject  in  hand, 
we  can  now  proceed  to  the  discussion  of  the  age  of  the  different  rock 
groups. 

ir  Tate  Quart.  Jour.  GeoLSoc.,  XXIII,  I  8  Quart.  Jour .  Geol.  Soc.f  XXIII,  147- 
|69>  (i867).  (.867),  See  also  G.  W.  Stow,  Quart.  Jour. 

8  Holub.  u.  Neumayr,  Denks k.  k.  Akad.  Geol.  Soc XXVII,  497»  0&71)* 

Wien..  XLIV,  267,  (1882).  4  Quart.  Jour.  Geol.  Soc.,  XXUI,  144.  (>867)' 


eof}  GKO  LOGY  01?  INDIA- — GONDWAN  A  HOMOTaXIS,  [  01)  ap,  VIII, 

To  begin  wilh,  we  find,  in  Africa,  India,  and  Australia  alike,  certain 
beds  containing 'abundant  and  conspicuous  traces  of  glacial  action.  The. 
plant  remains  show  that  in  South  Africa,  in  the  Indian  Peninsula;  and  in.' 
Victoria  these  are  of  approximately  the  same  age,  and  marine  fossils  show 
the  same  with  regard  to  the  beds  in  New  South  Wales  and  the  Salt  ranger 
The  deposits  in  every  case  were  formed  during  a  period. of  groat:  cold,  which 
was  succeeded  by  a  much  more  temperate  climate,  and  it  is  almost  impos¬ 
sible  to  doubt  that  this  wide  spread  change  of  climate  must  have  been  due1 
to  some  far  reaching,  if  not  cosmic,  cause.  It  is  consequently  justifiable 
to  use  these  glacial  deposits  for  the  purpose  of  correlation,  and  to.  conclude 
that  the  boulder  beds  of  the  three  continents  were  formed  contempora¬ 
neously. 

In  this  way  we  at  once  find  In  the  marine  fossils  of  New  South  Wales 
and  the  Salt  range  a  means  for  determining  the  homotaxis  of  the  Takhir  - 
group.  The  former  were  once  regarded  as  lower  carboniferous  in  age,  but 
the  bulk  of  the  lower  carboniferous  species  they  contain  range  through  the 
whole  of  the  epoch.  The  absence  of  the  group  of  Productus  gfganteus, ' 
and  the  presence  of  the  genus  Strophalosia ,  point  to  a  newer  horizon,  .and 
they  are  now  looked  upon  as  upper  carboniferous  or  somewhat  newer.1  The  ' 
reasons  for  ascribing  a  similar  age  to  die  Salt-range  boulder  beds  have  ' 
already  been  given.  '  ’  ' 

The  Barakar  group  in  India  and  the  Beaufort  beds  in  South  Africa  agree 
so  closely  in  their  stratigraphical  relations  to  the  glacial  boulder- beds,  and 
in  their  fossil  plants,  that  they  are,  dearly  equivalent  to  each  other.  In 
the  case  of  the  Newcastle  beds  of  Victoria,  though  the  palaeontological 
agreement  with  the  Barakar  group  is  less  close,  the  stratigraphical , 
relations  ate  equally  intimate,  and  there  can  be  little  doubt  -that  there 
is  no  great  divergence  in  the  homotaxis  of  the  two  groups.  The  strati¬ 
graphical  connection,  between  the  Newcastle  beds  and  the  underlying, 
marine  carboniferous  deposits,  is  too  close  to  allow  of  any  great  interval,  ; 
of  time,  and  the  Newcastle  beds  and  Barakars  cannot  well-  be  newer  than 
pertnian.  In  the  Salt  range  a  similar  stratigraphical  position  is  occupied 
by  the  lower  division  of  the  Productus  beds  which  are  separated  from 
the  boulder  beds  of  Talchir  age  by  the  speckled  sandstones.-  If  not  the.  '• 
equivalent  of  the  Barakar  group,  they  cannot  be  much  older.  Their’ age 
has  already  been  established  as  corresponding  to  the  permo-carboniferous 
of  the  Ural  mountains,  and  it  is  noteworthy  that  the  flora  of  this  age  in  • 
eastern  Russia  is  as  essentially  and  typically  palaeozoic  .as  the  contem¬ 
poraneous  Barakar  or  KarharbAri  flora  is  mesozoic.2 _  . 

IV,  153,  (1890).  , 

*  See  Pal.  Indka ,  series  xiii,  IV,  J75,'  , 

(stoo).  .  '  ,  '  '  -  . 


5  W.  Waagen,  Yahrb.  K,  K.  Geot,  Reichs.  | 
Wien,  XXXVII,  O8S7) ;  Records,  XX l, 
106,(1888} ,  See  also  Pal.  Indica,  series xiii,  I 
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Chap.  V1ILJ  CORRELATION  OF  THE  GONDWANA  GROUPS. 

As  we  ascend  the  sequence  the  evidence  gets  less  satisfactory.  The 
probable  equivalence  of  the  Pinchet  group  with  the  Hawkesbury  beds  of 
Victoria  and  the  Stormberg  beds  of  South  Africa  has  already  been  referred 
to.  The  fauna  of  the  Beaufort  beds,  once  regarded  as  permian,  is 
now  more  usually  looked  on  as  triassic,  but  the  evidence  is  not  con* 
elusive.  In  the  Salt  range  no  certain  equivalent  of  the  Panchets  can,  be 
detected,  though  it  is  possible  that  the  base  change  of  fauna  at  the  top  of 
the  Ceratite  beds  was  due  to  a  change  of  ocean  currents  caused  by,  or 
the  cause  of,  that  change  of  climate  which  is  indicated  in  the  Panchet  and 
Hawkesbury  beds.  This  suggestion  would  harmonise  with  the  conclu¬ 
sions  that  have  been  drawn  from  the  study  of  the  animal  remains  of  the 
Pdnchet  group. 

The  age  of  the  RdjmaMI  group  must  remain  uncertain  till  the  marine 
fossils  of  the  outliers  on  the  east  coast  have  been  determined.  It  is  older 
than  the  Tripetty  sandstones  from  which  Trigonia  smeei  and  T.  venlricosa 
were  obtained,  both  of  which  occur  in  the  Umia  group  of  Cutch,  and  the 
last  named  also  in  the  neocomian  beds  of  the  Uitenhage  series.  The 
cephalopoda  of  the  Sripermatdr  group  were  believed  by  Dr.  Waagen  to 
have  a  neocomian  facies,  but  the  specimens  are  too  ill  preserved  for  very 
great  value  to  be  attached  to  this  determination. 

Indirectly  we  can  form  some  sort  of  a  guess  at  the  age  of  the  Rdjmahdl 
group,  for  the  plant  beds  of  Cutch  overlie  beds  containing  a  marine  fauna 
which  represents  an  upper  oolitic  (portlandian)  horizon,  and  underlie  a 
bed  of  ferruginous  oolite  of  neocomian  or  aptian  age.  The  lower  oolitic 
facies  of  the  flora  has  been  mentioned,  but  in  view  of  the  uncertainty  that 
attaches  to  palaeobotanical  evidence,  when  large  distances  intervene,  and 
the  distinctness  of  that  afforded  in  the  present  case  by  the  marine  fossils,  it 
is  impossible  to  regard  the  Cutch  plant  beds  as  older  than  upper  oolite 
while  they  may  verge  into  the  neocomian  period.  The  Jabalpur  group, 
which  is  closely  related  to  the  Cutch  plant  beds,  becomes,  consequently, 
middle  oolite  at  the  oldest,  and  the  Rdjmahal  series  ranges  backwards 
from  that,  throwing  the  RAjmahdl  group  of  the  Raj  m  ah  a  1  hills  into  the 
lower  oolite  or  even  the  lias. 

Taking  everything  into  consideration,  we  may  then  accept  the  corre¬ 
lation  indicated  below  as  approximately  representing  the  true  interpreta¬ 
tion  of  known  facts:  Two  important  reservations  must,  however,  be  made 
in  this  connection.  In  the  first  place  the  suggestion  made  by  Mr.  H. 
F.  Blanford1  in  1875,  that  the  Talchir  boulder  bed  was  contemporaneous 
with  the  permian  glacial  deposits  of  England,  has  never  been  absolutely 
disproved,  and  as  recent  investigations  have  shown  that  the  supposed  lower 
carboniferous  deposits  of  Australia  arc;  newer  than  they  were  formerly 
>  Qua,t.  Jour.  Geol.  Sec.,  XXXI,  528,  (1S75). 
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Tabular  Statement,  of  the  probable  equivalence  of  the  Upper  Paheosoic 
ami  Lower  Mesoenic  rocks  of  India ,  Africa  and  Australia,  ■ 


Europe,  j 

India. 

|  New  South  Wales.  - 

South  Africa. 

Upper  Oolite  . 

Umia. 

Middle  Oolite  , 

Jabalpur, 

Lower  Oolite  .  < 

Kota-Ma1<5rf. 

Lias 

RajroifMI, 

Rbmlic  . 

Mahddcva 

Wianamntta. 

Trias  .  .  . 

P£nchet  »  .  1 

Hawkesbury  .  , 

'  Stormberg, 

Permian 

Rantganj  .  ■% 

Newcastle 

Beausfort. 

Permo-Carboniferous 

Baralcar  .  5 

Upper  Carboniferous 

Talcliir  .  , 

Lower  coal  measures 

Ecca.  .  ' 

ine  beds. 

considered  to  be,  it  is  still  possible  that  this  may  be  the  true  equivalence, 
in  which  case  the  Pdnchets  might  be  of  rhaetic  age,  as  their  flora  indicates- 
In  the  second  place  the  correlation  of  the  Rdjmahdl  group  with  the  lias  is~ 
open  to  question.  Dr.  Waagen’s  statement  regarding  the  neocomian  facies 
of  the  Sripermatur  cephalopoda  cannot  in  itself  carry  any  Weight,  on  • 
account  of  the  very  imperfect  and  ill  preserved  material  he  had  to  deal 
with,  but,  taken  in  conjunction  with  the  palaeontological  connection  of  the 
Rdjmahdl  flora  with  that  of  the  lower  beds  of  the  Uitenhage  series,  whose 
upper  beds  are  now  regarded  as  neocomian,  it  is  strongly  suggestive  of  a 
later  age  for  the  R^jmahdl  beds  than  is  indicated  in  the  table.  The  palae¬ 
ontological  grounds  on  which  the  R^jmahdl  is  considered  older  than  the 
Jabalpur  group  have  been  referred  to  in  the  last  chapter,  where '.it  was 
shown  that,  looked  at  from  a  purely  local  point  of  view,  it  is  more  probable, 
that  the  difference  between  the  two  floras,  and  their  admixture  in  the  Kota- 
Maldri  group  and  the  upper  members  of  the  outliers  on  the  east  coast,  is 
due  to  a  difference  in  age  than  to  a  mere  difference  of  situation  These 
reasons  are  not,  however,  conclusive,  and  1  it  seems  possible  that  an  ex- . 
amination  of  the  marine  fauna  of  the  east  coast  outliers  would  show  that  the 
RajmaMl  beds  are  newer  than  has  been  supposed,  and  that  the  differences 
between  the  Rljmahdl,  Jabalpur,  and  Culch  floras  do  not  indicate  successive 
periods  of  time  so  much  as  divergent  conditions  of  soil, or  climate,  existing' 
in  different  parts  of  the  continent  on  which  the  beds,  of  the  Gondwina 
system  were  deposited.  Further,  there  are  grounds  for  taking  the  JUnfia 
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fauna  and  flora  of  the  Mascarene  islands,  lying  between  ,  (.be  two ,  Con¬ 
tinents,  is  such  as  io  preclude  the  possibility  of  their  being  the  remnants 
of  an  ancient  continent,  as  was  supposed  by  the  believers  in  Lemuria.  Dr. 
W.  T.  BJauford  lias,  however,  not  only  shown  that  the  facts  are. not  fully  ■ 
slated  in  Dr.  Wallace’s  book,  but  lias  shown  that  the  actual ,  distribution  of 
certain  genera  of  birds,  fishes,  reptiles,  and  land  molluscs,  are  strongly 
suggestive  of  a  stretch  of  dry  land  having  formerly  extended  from 
Southern  India  to  Madagascar.1  The  question  is  a  complicated 'one;  but 
even  if  Dr.  Wallace’s  conclusion  is  granted,  it  no  ways  justifies  the  much' 
wider  inference  he  has  drawn  in  support  of  the  somewhat  popular  hypothesis 
of  the  permanence  of  continental  and  oceanic  areas,  and  is  quite  consist-  ■ 
ent  with  the  existence  of  an  I ndo- African  continent  in  pretertiary  times. .  . 

The  facts  that  have  been  detailed  regarding  the  fauna  and  flora  of  the 
Karoo  system  show  that  there  is  a  closeness  of  relation,  amounting  to  iden¬ 
tity  and,  extending  throughout  the  whole  of  the  Talchirar.d  Damuda  periods, 
which  is  inexplicable  unless  there  had  been  a  continuous  land  communication  ■ 
along  which  the  plants  could  freely  migrate  between  two  areas.® 
And  the  conclusion  is  vastly  strengthened  when  we  remember  that  through¬ 
out  the  greater  part,  if  not  the  whole,  of  this  period,  a  very  different  type 
of  flora  was  flourishing  in  Europe  and  North  America. 

Whether  the  comparative  absence  of  Indian  forms  in  the  flora  of  the 
Stormberg  beds  indicates  a  break  up  of  this  land  connectipn  and  the 
establishment  of  free  communication  with  what  is  now  Australia,  it  is  difficult  • 
to  decide,  but  if  broken  up,  the  presence  of  the  Indian  forms  in  the  Uiten- 
hage  series  suggests  that  the  connection  must  once  more  have  been 
established.  It  is  true  that  only  one  species  is  identical  in  the  two  areas,  but 
after  allowing  for  the  uncertainty  of  the  alliances  of  fossil  species  of  plants, 
the  connection  between  the  two  floras  seems  to  be  real,  and  the  differences  - 
are  such  as  would  naturally  follow  from  a  difference  in  their  age,  '  :  ■ 

The  indications  of  a  former  Jndo- African  land  area  do  not  cease  'with  ’ 
the  Gondwdna  epoch.  From  a  study  of  the  jurassic  fauna  of  the  world, 
Neumayr  came  to  the  conclusion  that  a  land  barrier  must  have  stretched 
from  Africa  to  India  during  that  period,  separating  two  distinct 
faunas.5  This  conclusion  was  especially  founded  on .  the  study  of  the 
neocomian  fauna  of  the  Uitenhage  series,  and  has  lately  received  a 
strong  confirmation  in  the  identification  of  four  species  of  Belemnties  from 

of  a  .direct. land  commumcalKn).,*--As  may  . 
be  seen  from  what  has  gone  before  andwhat  is  ; 
to  follow,  he  hardly  appears  to  have  appre¬ 
ciated  the  fall  weight  of  the  evidence.  The-  , 
subject  has  been  treated  of  by  Dr.  W.  %'  Blah- 
ford  in  his  presidential  address  to  the  Geo! 6- 1 
gical  Society,  1890,  :  ’  - 

8  Dmhsckr.  k.  h.  Ah.  HAW  13%  , 

{imr 


*  Jrroc.  beot.  00c.  1.011a.,  IS90,  residential, 
address  p.  83. 

1  Dr.  A,  R.  Wallace  (“  Island  t,ife,”p.  358) 
speaks  of  the  “  fragmentary  evidence  derived 
from  such  remote  periods”  and  the  futility  "of 
the  notion  that  “  a  similarity  in  the  production 
of  widely-separated  continents  at  any  past 
epoch  is  only  to  be  explained  by  the  existence 
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Madagascar.1  Three  of  these  belong  to  the  group  of  Notocwli ,  a  group 
which  is  typical  of  his  equatorial  fauna,  while  the  fourth  belongs  to  the 
ffostah,  a  group  which  is  distinctly  southern  in  Europe.  The  only  Bciem- 
mte  in  the  Uitenhage  beds  is  not  only  different  from  any  of  the  Mada¬ 
gascar  forms,  but  belongs  to  the  group  A b$oluit\  which  is  typical  of  the 
boreal  regions  in  the  northern  hemisphere.  The  inference  from  this  is 
that  the  neocomian  beds  of  northern  Madagascar  were  deposited  in  an 
extension  of  the  tropical  sea,  while  those  of  the  extreme  south  of  Africa 
were  formed  in  a  different,  probably  colder  ocean.® 

This  barrier  does  not  seem  to  have  been  absolutely  continuous  ~ 
throughout  the  jurassic  period,  or  there  may  have  been  a  mode  of  communi¬ 
cation  round  the  north  of  the  Peninsula  of  India  by  which  some  migration 
took  place,  and  so  the  presence  of  a  few  Cutch  species,  which  are  also 
found  on  the  east  coast  of  India  and  in  South  Africa,  is  accounted  for. 

In  cretaceous  times  the  evidence  is  even  stronger.  The  fauna  of  the 
cretaceous  (cenomanian)  beds  of  BAgh  is  closely  allied  to  that  of  Arabia  and 
Europe,  but  is  as  distinct  from  that  of  the  cretaceous  beds  in  Trichmopoli 
as  is  possible  in  the  case  of  two  homotaxially  equivalent  faunas.  But  the 
Trichinopoli  cretaceous  fauna  is  very  closely  allied  to  that  of  the  KhAsi 
hills  and  of  South  Africa,  showing  that  these  areas,  which  are  separated 
from  each  other  by  distances  much  greater  than  that  which  divides  the 
Trichinopoli  and  BAgh  exposures,  were  parts  of  one  marine  province,  and 
the  difference  of  the  fauna  from  that  of  the  lower  NarbadA  valley  can 
only  be  explained  by  the  existence  of  a  land  barrier,  separating  the  sea  in 
which  the  Trichmopoli,  KhAsi,  and  South  African  fauna  lived,  from  that  in 
which  the  NarbadA,  Arabian,  and  European  cretaceous  beds  were  deposited.* 
We  see  then  that  throughout  the  later  part  of  the  palaeozoic  and  the 
whole  of  the  mesozoic  era,  there  was  a  continuous  stretch  of  dry  land  over 
what  is  now  the  Indian  Ocean,  which  finally  broke  up  and  sank  beneath 
the  sea  in  the  tertiary  period. 

This  conclusion  has  an  important  hearing  on  the  generally,  though  not 
universally,  accepted  doctrine  of  the  permanence  of  continental  and 
oceanic  areas.  It  is  claimed,  by  many  geologists  of  eminence,  that  the 
deep  oceanic  areas  of  the  present  day  have  been  oceans  throughout  the 
whole  of  the  period  represented  by  the  sedimentary  formations  of  the 
geological  sequence,  and  that,  if  we  except  small  volcanic  islands  rising 
from  the  depths  of  the  ocean,  the  dry  land  of  every'  geological  period  was 
confined  to  the  present  dry  land  and  the  shallower  parts  of  the  sea  sur¬ 
rounding  it. 

1  Quart,  your.  Geol.  Soe.,  XLV,  333,  (1S89).  but  the  climatic  inferences  are  vitiated  by  the 
s  Neues  fakrb.  Min.  Geol.,  1890,  Band  I,  p.  1;  possibility  of  there  having  been  extensive  al- 
W.  T.  Blanford,  Quart,  your.  Geol.  Soc.,  XLVI,  terations  of  latitude  since  these  beds  were  de- 
proceedings,  p.  98,  (1890).  The  evidence  is  posited  (vide  infra). 
good  for  the  distinctness  of  the  marine  areas,  8  See  pp.  247,  aja. 
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The.  sound  imp,  tint  have  been  made  hi  the  Indian  Otmn  are  not  so  ' 
nnmeriius  as  (o  preclude  (lie  possibility  of  there  being  a  bank  connecting. 
India  and  Africa,  which  would  allow  a  bridge  of  dry  laud  having  existed ' 
without  impr  rifling  this  popular  theory,  hut  there  are  no  indications  of  the 
rsiMoncu  of  such  a  hank,  and  the  Indian  Ocean  is  generally  regarded  by' 
the  supporters  of  the  hypothesis  as  one  of  the  original  oceanic-  areas  of  -  • 
the  world.  So  (he  conclusion  we  have  to  draw  from  known  and  accepted  - 
facts  is  in  conflict  with  an  hypothesis  which  has  much  to  be  said  in  its 
favour  and  has  the  support  of  many  of  the  most  eminent  geologists  of  the-  ’ 

Hut  this  lypoihesis  is,  consciously  or  unconsciously,  to  a  large  extent  ■ 
bound  up  with,  and  based  on,  ideas  relative  to  the  constitution  of  the  earth 
as  a  -whole,  which  represent  it  as  either  Solid  throughout,  or  at  any  rate  as. 
having  a  solid  crust  whose  thickness  is  very  considerable  in  proportion  to 
Ihe  whole  diameter  of  the  earth.  And  one'of  the  consequence’s  that  follow  , 
on  this  theory  of  the  constitution  of  the  earth  is,  that  there  cannot  have  '■ 
boon  any  great  changes  in  the  direction  of  the  earth's  axis  of  revolution,  .’ 
or  changes  of  latitude  of  places  on  its  surface  caused  by  the  shifting  of.  Hie  - 
superficial  crust  over  the  internal  core. 

Here  again  we  find  the  facts  in  conflict  with  a  generally  accepted  hypo¬ 
thesis,  which  is,  however,  being  gradually  discredited  in  later  years.  What-' 
ever  may  be  the  cause  of  these  cold  periods,  of  which  two  are  now  Well  ■ 
established  in  the  geological  history  of  the  world  and  several  more  are 
less  completely  indicated,1  there  can  be  no  doubt  that  their  effects  will  be 
more  widespread,  more  extensive,  and  their  traces  more’ conspicuous  in 
high  latitudes  than  in  low.  Yet  the  remains  of  this  carboniferous,  glacial  ' 
period  so  conspicuous  in  India,  Africa,  and  Australia,  all  lie  within,  or  onlv 
just  beyond,  thirty  degrees  from  the  equator.  The  furthest  from  the 
equator  lie  in  latitudes  where  the  last  glacial  period,  of  pleistocene  time's,  . 
has  left  but  few  traces  at  low  altitudes,  and  those  of  a  somewhat  doubtful' 
character,  while  most  of  the  remains  are  in  latitudes  to  which  the  ice  of 
the  pleistocene  glacial  period  never  penetrated,  and  many  are- well  within  1 
the  tropics. 

At  the  same  time  the  corresponding  deposits  not  merely  of  the  temperate- 
clime  in  Europe  and  America,  but  even  within  the  Arctic  circle,  in  which  - 
one  would  expect  the  traces  of  this  cold  period  to  be  more  abundant, 
more  extensive,  and  more  conspicuous,  are  almost  free  from  traces  of 
glacial  action.  Boulders  of  rock  imbedded  in-  fine  silt  have  been  found,  • 
and  some  have  shown  a  striation  believed  to  be  due  to  the  .action  of  ice,  '. 
but  they  are  sporadic  and  indicate  that  the  carboniferous  beds  of  England  - 
and  Europe,  in  which  they  were  found,  lay  in  a  latitude  which  Was  near  the  . . 
limit  which  the  floating  icebergs  could  reach  before  melting.  ■ 

j  Cr oil ;  Climate  and  Time,”  London,  1875,  Chap.  XVIII.  See  also'  pp.  10S,  346,  k,I,  ' 


Chap,  VII!.]  changes  or  latitude. 

If  we  compare  this  with  the  very  distinct  evidence  that  glaciers 
descended  to  low  altitudes  in  the  Peuganga  valley  and  the  great  desert  cf 
RijputSna,  the  contrast  is  not  only  striking  but  inexplicable,  unless  there 
has  been  a  very  considerable  change  of  the  position  of  the  earth's  surface 
relative  to  the  present  position  of  the  poles. 


CHAPTER  IX. 


MARINE  JURASSIC  ROCKS. 

Cutch— Western  Rijputji.]a--Sak  ranse- Himalaj-as- Afghanistan  ~  Doubtful  jurassics  of 
western  Garhwal. 

With  the  exception  of  the  fossiliferous  upper  Gondwdna  beds  of  the  east 
coast,  referred  to  in  a  previous  chapter,  no  marine  beds  of  jurassic  age 
are  known  to  occur  in  the  peninsular  area  proper,  and  even  as  regards  these 
it  is  still  uncertain  whether  they  should  not  be  regarded  as  more  recent 
in  their  origin.  But  in  the  debateable  tract  lying  east  of  the  Indus  and 
west  of  the  Aravallis,  marine  jurassic  rocks  attain  a  large  development 
in  Cutch  and  in  western  Rajputana. 


The  jurassic  area  of  Cutch1  may  be  considered  as  occupying  a  number 
of  post-tertiary  islands,  now  connected  by  alluvial  flats.  The  largest  of 
these  islands,  that  forming  the  western  and  central  portion  of  Cutch,  is 
about  a  hundred  and  twenty  miles  long,  from  east  to  west,  by  about  forty 
broad.  To  the  north-east  of  it  is  the  district  of  Wdgad,  another  ancient 
island  nearly  fifty  miles  from  east  to  west,  and,  excluding  alluvium  and 
“  Rann/’  twenty-five  miles  broad.  Farther  north  four  isolated  masses  of 
hills,  chiefly  composed  of  lower  jurassic  rocks,  extend  in  a  line  nearly  a 
hundred  miles  in  length  from  east  to  west.  These  are  the  so  called  islands 
in  the  Rann,*  Patcham,  Kharir  (Khurreer  or  Kurreer),  Bela  and  Chorar. 


1  The  account  of  this  province  is  taken  partly 
from  a  report  by  Mr.  Wynne,  Memoirs ,  XI,  pp.  . 
1 — 293, (1872),  and  partly  from  manuscript  notes 
by  the  late  Dr.  Stoliczka.  The  Cephalopoda  have 
been  determined  by  Dr.  Waagen,  and  described 
in  the  Pal.  Indicas  series  ix,  (1873-75).  ft 
should,  perhaps,  be  noticed  that  Dr.  Waagen’s 
views  of  specific  distinction  differ  from  those  of 
many  palaeontologists,  and  that,  as  he  points 
out,  several  of  the  forms  described  by  him  as 


species  might  by  other  naturalists  not  be  con¬ 
sidered  to  rank  higher  than  varieties, 

1  The  “  Rann  ”  of  Cutch  is  an  immense  tract 
surrounding  the'province  on  all  sides,  except 
the  south,  and  consisting  of  barren  salt  marsh 
periodically  overflowed  by  sea  water.  This 

now  filled  up  by  alluvial  deposits,  will  be  fur¬ 
ther  described  in  a  subsequent  chapter  on 
post-tertiary  and  recent  deposits. 
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A  Sew  smaller  islands  also  occur,  but  none  of  them  are  of '  sufficient  size 
to  be  worthy  of  notice.  ■ 

None  of  the  rocks  found  in  Cuteh  and  the  adjoining  islands  are  of  older 
date  than  jurassic,  In  one  spot  some  limestones,  containing  upper  nco- 
comian  Cephalopoda,  are  found  resting  upon  the  jurassic  series,  the 
uppermost  group  of  which  may  perhaps  itself  be  of  intermediate  age,  and. 
belong  in  part  to  a  lower  ncocomiau  horizon.'  In  general,  the  upper 
jurassic  beds  disappear  to  the  south  beneath  the  Deccan  traps,  but  marine,  -■ 
tertiary  beds  (nummulitic)  overlap  the  traps  and  rest  upon  the  older  series, 
in  many  parts  of  the  country,  both  traps  and  nummulitic  beds  being  quite 
unconformable  to  the  jurassic  formations.  .  - 

The  lowest  beds  are  seen  dipping  to  the  south  in  the  Rann  islands, 
and  are  locally  exposed  in  an  anticlinal  which  runs  along  the  noithern-  . 
edge  of  the  province,  the  intervening  synclinal  being,  for  the  most  part, 
concealed  beneath  the  Rann.  From  the  anticlinal  near- the  Rann  there-  . 
is  a  general  dip,  varying  in  amount,  to  the  southward,  The  greater  ' 
portion  of  the  series  is,  however,  repeated  twice  in  consequence  of  a  great, 
fault,  which  runs  from  east  to  west  along  the  northern  scarp  of  the 
Chdrwdr  range  of  hills  south  of  Bhuj.  ■ 

By  the  earlier  observers,  including  Mr.  Wynne,  the  jurassic  series  in 
Cutch  was  simply  divided  into  a  lower  and  an  upper  group,  the  former 
chiefly  marine,  the  latter  apparently  fresh  water  for  the  most  part,  though) 
as  was  shown  clearly  by  Mr.  Wynne,  no  marked  line  .of  division  can  be 
drawn,  for  not  only  is  there  an  absence  either  of  unconformity  or  of  any  '■  ■ 
marked  break  in  lithological  character  between  the  two  subdivisions,  but 
marine  beds  are  occasionally  found  interstratified  with  the  upper,  atid 
plant  beds  with  the  lower  group.  The  examination  of  the  Cephalopoda 
by  Dr.  Waagen  indicated  the  probability  that  representatives  of  several  . 
European  jurassic  groups  existed  in  Cutch,  and  Dr.  Stoliczka,  re-examining 
the  beds  with  the  aid  of  Mr.  Wynne’s  geological  map  and  his  own  - 
knowledge  of  palaeontology,  found  no  difficulty  in  distinguishing  four'  sub-"  • 
divisions,  the  three  lower  of  which  had  been  included  in  the  inferior  or 
marine  group  of  previous  observers,  whilst  the  upper  comprised  the  higher 
fresh  water  beds,  with  the  uppermost  marine  strata.  The  names  of  the  - 
groups  proposed  by  Dr.  Stoliczka,  with  their  homotaxial  equivalents  - 
amongst  European  formations,  are  exhibited  on  the  opposite  page.  , 

The  whole  thickness  of  the  Cutch  Jurassic  series  has  been  estimated  by 
Mr.  Wynne  at  6,300  feet,  of  which  3,000,  or  very-  nearly  half,  belong  to 

'  Dr.  Stoliczka  unfortunately  did  not  live  to  [  ( infra ,  p.  286)  is  conformable  to  the  underlying 
publish  the  results  of  his  examination  of  Cutch,  I  Umia  beds.  He  does  not  precisely  state,  bow-  . . 
but-  fro:-.,  his  rough  field  notes  St  appears  prob-  I  ever,  what  are  the  relations  o£  the  upper  bed  to"  : 
able  (hat  the  upper  neocomian  bed  of  Ukra  [  the  lower  at  this  spot.  '  -  .  .  , 
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the  uppermost  group  alone,  the  thickness  of  the  other  giotips  not  having 
been  estimated  separately.  It  must  be  remembered' that  the  base  of  the  ' 
whole  series  is  not  exposed,  and  that  the  upper. beds  had  suffered  from 
denudation  before  they  were  covered  by  the  traps.  '  , 

The  Patcham  group  is  thus  named  from  its  occurrence  in  the  island  '  ’ 
of  Patcham  in  the  Rann,  The  lowest  beds  are  exposed  on  the  northern' 
scarp  of  a  range  of  hills  which  runs  east  and  west  through  all  the- Rann 
islands  from  Patcham  to  Chorar.  The  rocks  composing  the  range  dip  - 
south  at  a  low  angle,  the  crest  of  the  hills  and  the  surface  of  their  southern  ‘ 
slopes  being  formed  of  a  thick  massive  bed  of  yellowish  sandstone '  and 
limestone,  which  contains  Corbula  pectinate,,  Astarte  compressa,  a.  Trigo-  : 
nia  closely  resembling  T.  interl&vigata,  Cncullsea  virgata  and  other 
fossils.1  Below  the  massive  bed  come  shales  and  sandstones,  all  more- or  - ' 
less  calcareous,  containing  a  Rhynconella,  near  R.  cone  inn  a,  Lima,  Ger- 
villia,  a  small  Exogyra,  etc.  The  lowest  bed  seen  in  Patcham  island  is 
calcareous  sandstone  abounding  in  the  small  Exogyra.  The  same  lower 
beds  are  seen  in  Koari  Bet,  a  small  islet  north-west  of  Patcham,  and  .on  ‘ 
the  northern  flank  of  the  range,  in  Kbarir,  Bela,  and  Chorar,  the  top  of  the  ■ 
range  in  all  cases  consisting  of  the  yellow  calcareous  rock.  The  thickness  ' 
of  this  portion  of  the  beds  is  at  least  500  feet.  ,  • 

Besides  forming  the  range  of  hills  in  the  islands  ',  of  the  Rann,  the  -  ' 
Patcham  limestone  is  exposed  at  four  places  in  Cuteh  itself,— at  Jarra.  .Kira 
hill  near  Cbdri,  Jura  hill,  and  in  Halamdn  hill  near  Lodai — all  situated  along 
the  northern  edge  of  the  main  province  of  Catch,  near  the  borders  of  tbs 
Rann.  In  all  these  places  they  appear  as  inkers,  exposed  at  the  crest 
of  an  anticlinal,  and  surrounded  on  all  sides  by  higher  beds.  At  Jar  fa, 
about  fifty  miles  north-west  of  Bhuj,  there  is  a  bed  of  white  limestone 
containing  Scyphia ,  a  Terebratula,  and  small  Rhynconella ?  and,  immediately, 
above  it,  abed  of  corals.  These  rocks  do  not  appear  to  be  equally  Well 
exposed  elsewhere.  They  are  at  the  base  of  the  Chdri  group  and  were  con-, 
sidered  by  Dr.  Stoliczka  as  the  uppermost  beds  of  the  Patcham  group  of 
Cutcb.  -  -  •  -  . 

The  lower  portion  of  the  Patcham  group  has  yielded  no  Cephalopoda,  , 
and  the  higher  beds  only  eight  species,  all  of  which  are  rare..  One  is  "  .- 
Nautilus  jumarensis ,  the  others-  are  Ammonites,  of  which  one  belongs  . 
to  the  sub-genus  Oppeliafiixe.fi  to  Stephanoceras ,  and  three  to  Peripphinctes . 
One  Stephanoceras  is  a  variety  of  Ammonites  macrocrphalus,  the  typical  , 
form  of  which  is  abundant  in  the  next  higher  subdivision,  .  and  both  '  ■’ 
the  other  species  of  Stephanoceras  pass  ■  likewise  into  the  lower  beds 

1  As  only  the  Cephalopoda  of  the  Cutcli  beds  j  may  require  modification.  .  Only  those  are- 
hare  been  properly  compared,  it  is  possible  mentioned  which  are  it)  all  probability  correctly-' 
that  some  of  the  identifications  of  other  fossils  •  determined.  •  .  ,  ■  ;  •  . 
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(infrequently  contain  remains  of  plan  Is,  but  no  distinct  impressions  have.- 
been  found. 1  '  ; 

The  next  subdivision,  in  ascending  order,  is  a  very  thin  band,  some¬ 
times  only  20  to  30  feel  thick,  of  whitish  or  grey  shale,  with  bands  ' 
of  limestone,  which  are  generally  white-,  but  occasionally  yellowish  or> 
brown.  Usually  this  band  may  be  recognised  easily  by  its  colour,. and  by 
its  presence  beneath  the  Dhosa  oolite.  The  most  characteristic  fossil'’ 
is  Ammonites  ( Pdtoccras )  athleta  and,  in  north-western  Cutch,  the  shell  ’ 
of  this  mollusc  is  usually  changed  into  black  ealespar. 

The  uppermost  Chari  subdivision,  or  Dhosa  oolite,  is  the  most  character¬ 
istic  of  all  both  lithologically  and  paleontologically.  It  is  of  no  great  thick¬ 
ness,  though  more  developed  than  the  athleta  beds,  and  consists  .of  grey,' 
reddish,  or  brown  oolite,  sometimes  sandy  and  often  nodular.  Cephalopoda. 
are  extremely  abundant.  And  it  abounds  in  many  places  in  a  Tefehrahtl.a 
closely  allied  to  the  cretaceous  T.  sella ,  and  referred  to  that  species  as 
a  variety  by  Sowerby.  •  ■ 

The  Chari  beds  are  exposed  in  several  places  in  Cutch,  but  they  no¬ 
where  occupy  a  large  area.  They  are  found  resting  upon  Patcham  beds 
in  the  southern  part  of  Patcham  and  Kharir,  and  in  Kakindiva  and1 
Gangla,  two  small  islands  south-east  of  Kharir,  forming  only  the  axis  of  a  . 
quaquaversal  anticlinal  on  the  latter,  but  none  are  exposed  in  ■  Bela  of 
Chorar,  though  a  small  area  exists  in  the  extreme  north  of  Wdgad,  In 
these  outcrops  the  subdivisions  are  less  well  marked  than  to  the'  south¬ 
ward,  and  the  two  characteristic  Terebratulx  have  not  been  noticed.  In 
the  mainland  of  Cutch,  the  Chdri  group  occupies  two  series  of  inliers.  One 
of  these  series  is  scattered  at  intervals  along  the  northern  anticlinal  .range. 
The  rocks  appear  at  three  places  west  north-west  of  Chiri,  again  around 
Kira  hill,  near  Chdri,  the  typical  locality,  they  extend  nearly  twelve  miles  , 
from  east  to  west  around  the  Patcham  beds  of  Juria  hill,  north  of  Bhuj,  and’  ' 
are  found  in  two  more  outcrops  farther,  east  around  Halamdn  hill,  where 
they  extend  more  than  six  miles,  and  they  again  appear -a  mile  farther, 
east.  Another  series  of  outcrops  occurs  in  the  Charwar  range,  south  ' 
of  Bhuj.  Here  the  Chari  beds  are  brought  up  at  intervals  along  th'e  - 
southern  side  of  the  great  fault ;  they  are  greatly  disturbed  and  cut  up  by 
cross  faults,  but  the  different  bands  can  be  easily  recognised, — the  Dhosa 
oolite  with  Terehraiula  sella,  var.,  the  white  athleta  beds,  and  the  band  ■ 
with  T.  bipltcata ,  var.,  being  always  conspicuous. 

The  cephalopodous  fauna  of  the  Chdri  group  comprises  a  hundred-  and 
twelve  species,  of  which  thirty-seven  areEuropean.  The  relations  between  , 
those  found  in  the  different  subdivisions  and  the  corresponding  Kelloway 

3  In  Dr.  Stolkzka's  field  notes  he  mentions  (  the  lower  groups,  probably  from  the  Patcham.  .  - 
having  at  one  locality  found  fragments  of  I  teds,  cemented  together  ‘in  the .  rock  at  this'  - 
quattx  and  of  a  limestone  derived  from  one  of  I  horizon,.  This  may  indicate  an'unconfonr.ity.. 
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and  lower  Oxford  groups  in  Europe,  are  the  following,  according  to  Dr. 
Waagen 

In  the  lowest  Chari  subdivision,  or  macrocephalus  beds  thirty-one 
Cephalopoda  have  been  found,  viz.  two  species  of  Belemnites,  three  of 
Nautilus  and  twenty-six  of  Ammonites  ( Phylloceras  2,  including  A. 
disputaUHs ,  Lytoceras  i,  Oppelia  i,  Harpoceras  i,  Stephanoceras  13,  in¬ 
cluding  A.  macrocephalus,  and  Perisphinctes  8).  Three  are  common  to  this 
subdivision  and  the  upper  Patcham  beds,  whilst  none  are  known  to  range 
into  higher  strata.  Sixteen  species,  or  rather  more  than  one-half,  are 
found  in  Europe,  all,  except  two,  belonging  exclusively  to  the  beds  with 
A.  macrocephalus  (Lower  Kelloway). 

In  the  next  subdivision,  the  dark  shales  with  Terehratula  hiplicata , 
twenty-seven  Cephalopoda  are  found,  viz.  three  Belemnites ,  one  Nautilus, 
one  Ancyloceras,  and  the  remainder  Ammonites  {Phylloceras  2,  Oppelia  3, 
Harpoceras  5,  Stephanoceras  i,  and  Perisphinctes  11).  Six  of  these  range 
into  higher  beds,  whilst  seven  are  European,  and  of  these  latter  five  are 
only  found  in  the  beds  with  A.  anceps  (Middle  Kelloway). 

The  Athleta  beds  have  yielded  twenty  species,  three  Belemnites  and 
seventeen  Ammonites  {Phylloceras  1,  Amaltheus  2,  Oppelia  2,  Harpoceras 
2,  Pcltoceras  1,  Aspidoceras  2,  and  Perisphinctes  7)  ;  five  of  these  are  com¬ 
mon  to  the  next  lower  subdivision,  and  two  to  the  D’nosa  Oolite.  Eight 
are  European,  six  being  peculiar  to  the  zone  of  A.  athleta  (Upper 
Kelloway). 

In  the  Dhosa  oolite  there  are  thirty-four  Cephalopoda ,  viz.  four  Belem¬ 
nites ,  one  Nautilus ,  and  twenty-nine  Ammonites  { Phylloceras  2,  Harpo¬ 
ceras  1,  Peltoceras  5,  Aspidoceras  4,  Stephanoceras  8,  and  Perisphinctes  9). 
Four  of  these  range  into  higher  and  three  into  lower  beds.  Eight  are  found 
in  Europe,  the  most  important  being  A  m.  ( Aspidoceras )  perarmatus,  and 
seven  of  these  belong  exclusively  to  the  zones  of  A.  ( Amaltheus )  lamberti 
and  A.  ( Amalth .)  cordatus  (Lower  Oxford).  Other  fossils,  especially 
Terebratula  sella ,  are  abundant  in  this  group. 


The  Katrol  group,  which  rests  upon  the  uppermost  subdivision  of  the 
Chdri  beds,  is  of  considerable  thickness.  It  consists  of  sandstones  of 
various  kinds,  white,  brown,  pinkish  grey,  etc.,  and  shales  usually  grey  or 
reddish,  but  sometimes  very  dark  coloured,  like  those  of  tin'  Am.  anceps 
zone.  Ferruginous  nodules  and  concretions  sometimes  occur  in  the  shales 
which  prevail  towards  the  base  of  the  group,  tin'  upper  portion  being 
chiefly  sandstones.  On  the  whole,  however,  shales  predominate. 

These  beds  form  two  belts  ir  Cuteh  proper.  The  first  occurs  in  the 
anticlinal  along  the  Kami  and  extends  tor  nearly  eighty’  miles,  surrounding  the 
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misers  of  the  Patdiam  and  ChAri  groups,  and  extending  to  a  considerable 
distance  beyond  them.  The  exposure,  of  Katrol  rocks  varies  in  breadth 
being,  where  broadest,  nearly  ten  miles  wide.  The  second  belt  is  in  the 
ChAnvAr  range,  south  of  the  great  fault,  This  tract  is  about  thirty-five  miles 
from  east  to  west,  but  nowhere  more  than  two  miles  broad.  Besides  this  the 
greater  part  of  WAgad  is  occupied  by  beds  apparently  belonging  to  the 
same  group.  The  rocks  are  very  similar  in  mineral  character,  consisting" 
of  a  coarse  and  fine  grey,  pinkish  and  white  sandstones  above,  and,  grey  ' 
or  yellowish  shales  below,  but  the  Cephalopoda  found  are  almost  all  dis¬ 
tinct,  and  appear  to  indicate  a  lower  horizon.  From  their  development 
around  the  town  of  Kantkot,  these  WAgad  beds  have  received  the  name 
of  Kantkot  sandstone.  ■  .  ; 

The  Cephalopoda  of  this  Kantkot  sandstone  are  nineteen  in  number, 
four  Belemniles  and  fifteen  Ammonites  ( Phylloceras  i,  Aspidoceras  2, 
Stephanoceras  5,  Perisphinctes  7).  Four  of  these  Am.  ( A-spidoceras ) 
perarmatus.A.  ( Stephanoceras )  mays ,  ftssus ,  and  opts,  are  also  found  In  the 
Dhosa  oolite  of  the  ChAri  beds,  whilst  only  one  species,  Belem  nit es 
grantianus  ( B .  kantkolensis),  is  common  to  the  Kantkot  bed  and  the 
Katrol  group  in  Cutch  proper.  Thus  the  Kantkot  be.ds  appear  by  their 
cephalopodous  fauna  allied  more  closely  to  the  uppermost. ChAri  beds  than 
to  the  Katrol  group.  Three  species  only  of  the  Kantkot  Cephalopoda 
are  European,  A.  (Asp.)  perarmatns ,  A.  (Per)  ' plicatilis,  and  A  {Per,} 
mar  tel  li,  and  only  one  of  these,  the  last,  is  limited  to  a  single  zone,  that  of 
A.  ( Pelt )  transversarins  (Upper  Oxford)  in  Europe,  the  other  two 
ranging  lower.  Several  forms  are,  however,  allied  to  upper  oxfordi&n 
species. 

The  Katrol  group  proper  has  yielded  twenty-six  species  of  Cephalopoda , 
four  Belemnit.es  and  twenty-two  Ammonites  ( Phylloceras  2,  Lytoceras  i, 
Baploceras  2,  Oppelia  4,  besides  an  Aptychus,  Harpoceras  1,  Aspidoceras . 
5,  Perisphinctes  7).  Only  one  of  these  species,  Bel.  grantianus,  is  found 
with  certainty  in  any  other  group  in  Cutch.  Four  species  arc  found  in 
Europe,  all  belonging  to  the  beds  of  the  Kimmeridge  group,  with  A  '.  (Asp.) 
acanthicus.  By  far  the  most  characteristic  and  abundant  of  .the  Cerphd-. 
lopoda ,  is  a  nou-canaliculate  Belemnite,  B.  katrolensis.  The  commonest 
Ammonites  A.  ( Oppelia )  kachhensis,  A.  (Per,)-  poltingeri,  A.  (Per.) 
katrolensis,  and  A.  (Per.)  torquatus.  ” 

Imperfect  plant  remains  are  common  in  the  Katrol  group,  as  they  are. 
in  many  of  the  lower  beds  of  Cutch,  but  in  one  instance  near  the  village  of 
Narha,  as  has  already  been  mentioned  in  the  description  of  the  GondwAna 
system  several  remains  of  plants,  whose  relations  have  already  ,  been  dis*. 
cussed  on  a  previous  page1  were  found  by  Mr.  Wynne,  in  shales  inter- 
stratified  with  the  Katrol  beds  and  distinctly  inferior  in  position  to  some 
of  the  marine  bands  of  the  group.  •  ‘  ,  . 
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The  Umia  group  derives  its  name  from  a  small  village  in  western  Cutch, 
rather  more  than  fifty  miles  north-west  of  Bhuj.  Taken  as  a  whole,  this 
group  appears  to  equal  in  development  all  the  other  jurassic  beds  together, 
being,  according  to  Mr.  Wynne's  estimate,  upwards  of  3,000  feet  thick.  It 
is  the  equivalent  of  the  upper  jurassic  group  of  Mr.  Wynne’s  Memoir.  As 
a  rule,  it  consists  of  sandstones  of  various  kinds,  and  more  or  less  sandy 
shales.  The  sandstones  are  very  often  soft  and  white  or  pale  brown, 
sometimes  variegated,  and  very  generally  distinguished  by  thin  bands  of 
hard  black  or  brown  ferruginous  grit.  Occasionally  the  sandstones  are 
variegated  with  pink,  red,  and  brown,  they  are  often  very  argillaceous  and 
tend  to  decompose  into  a  loose  sandy  soil,  which  covers  and  conceals  the 
rocks  over  a  great  part  of  the  country.  In  a  few  instances  carbonaceous 
shale  occurs,  and  in  one  locality  a  thin  seam  of  bright  jetty  coal.  A  few 
thin  hard  bands  of  sandstones  are  met  wdth.  some  being  so  hard  as  to  be 
almost  a  quartzite.  There  is  a  marked  resemblance  in  the  beds  of  this 
group  to  some  of  the  upper  Gondw'^na  strata  of  Central  India  :  there  are 
the  same  soft  argillaceous  sandstones  and  sandy  shales  and  the  same  hard 
ferruginous  gritty  bands. 

Towards  the  base  of  the  Umia  group  there  is  a  thick  band  of  calca¬ 
reous  conglomerate,  hard  and  grey,  sometimes  ferruginous,  associated  wdth 
sandstones  and  shales.  In  this  conglomerate  and  in  some  associated  beds 
marine  fossils  are  numerous.  Throughout  all  the  rest  of  the  group  plant 
remains  are  common,  but  they  are  not  often  sufficiently  well  preserved  to 
be  identified.  Marine  fossils  are  very  rare,  but  Trigonia  smeei,  the  most 
typical  fossil  of  the  group,  has  been  found  in  places,  as  near  Vigori,  forty 
miles  north-west  of  Bhuj,  in  beds  near  the  top  of  the  group  and  well  above 
the  horizon  at  which  most  of  the  plant  fossils  have  been  obtained. 

The  beds  of  the  Umia  group  are  covered  unconformably  by  the  Deccan 
traps  and  by  tertiary  rocks,  except  in  one  place,  where  they  underlie 
the  upper  neocomian  (aptien)  beds  of  Ukra  hill  in  north-western  Cutch.1 

The  surface  occupied  by  the  rocks  of  the  Umia  group  corresponds  in 
magnitude  with  the  thickness  of  the  formation,  and  embraces  nearly,  if  not 
quite,  half  of  the  jurassic  area  in  Cutch.  In  Cutch  proper  these  beds  ex¬ 
tend  throughout  the  province  from  the  western  extremity  near  Lakhpai  to 
the  eastern  end  l?eyond  Bachao,  forming  a  great  plain  south  of  the  irregu¬ 
lar  range  of  hills  along  the  edge  of  the  Rann.  They  also  extend  round  each 
end  of  the  rahge,  especially  to  the  eastward,  where  the  bottom  Umia  beds 
extend  north  of  the  hills  about  twrenty  miles  along  the  edge  of  the  Rann. 
The  main  belt  of  Umia  beds  is  from  eight  to  twelve  miles  across  on  an 
average.  These  rocks  lap  round  the  western  end  of  the  Chirwir  range, 
where  the  great  east  and  west  fault  to  which  the  range  is  due  appears  to 
die  out,  and  they  cover  another  plain,  nearly  fifty  miles  in  length  from  east 
1  Infra,  p.  286. 
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O't  west  am!  about  eight  mil<::4 broad,  south  of  the  Gliirwiir  range,  -They 
>)<o  form  the  wesicrii  portion  of  WdgaU.  .  ' 

The:  plant  remains  of  Hie  Hmia  group  and  Uieir  relations  have  already 
been  described  in  the  chapter  relating  to  the  Gondwdna  system.  It  was 
there  .shown  Hint  twenly-scven  species  had  been  identified,  of  which  ten 
are  either  common  to  the  lower  oolitic  beds  of  Yorkshire- or  represented 
by  very  closely  allied  forms.  Hearing-  in  mind  that  the  plant  beds  overlie 
the  portion  of  (he  group  which  has  furnished  Cephalopoda,  it  is  remarkable 
to  find  that,  the  latter  exhibit  a  very  decided  upper  oolitic  facies.  They 
are  eleven  in  number,5  w>.— 


Behmniios  [n-ciui.i  anus  (kavtkoiensh). 
Bn! emu  Has,  2  sp.  imiet. 

Am.  (Mtiplerrras),  cf.  tomephorns. 

A.  (Afpit/osms)  wyttuti. 

A.  (Pei'isphiiu’tes),  Cf,  stiprajnnnsis. 


A.  (Perisphinctes)  biehheri. 
A.  {Per.)  osouliefurcdtus. 

A.  ( Per.'j-eutiichotamus , 

A.  {Per.)  frequtns. 

A.  {Per.)  densepHcafns, 


Of  these  eleven  species,  one  { Belcmniies  grantianus  var.  kantkotensis) 
is  found  in  lower  beds  in  Cutcli,  and  the  two  other  forms  of  Bclemnifes 
are  closely  allied  to  the  Katrol  species  B.  claviger  and  B.  bait  olensis, 
and  may  be  identical.  All  the  eight  Ammonites  are  restricted,  in  dutch  to 
the  Umia  group,  and  two  of  them  (A.  iomephorus and  A.  eudichotomus)  are 
tithonian  species,  found  in  the  uppermost  jurassic  beds  of  southern  Europe/ 
whilst  A.  bieicheri  and  A.  sup i a ju ren s/s  are  found  in  the  Portland  strata 
of  northern  France,  and  A.  occultcfurcafus  is  barely  distinguishable  -  from 
another  Portland  species,  A.  ( Perisphinctes )  boidini.  The  connection 
between  the  Cephalopoda  of  the  Umia  group  and  the  forms  found  in  the' 
uppermost  jurassic  beds  of  Europe  is  consequently  very  marked,  and 
Dr  Waagen  states  that  the  same  marked  similarity  exists  between  the 
Jamellibranchiate  bivalves  of  the  same  beds  in  the  two  regions.8 

The  Cephalopoda  are,  however,  rare  and  exceptional  in  the  Umia  group, 
and  they  form  by  no  means  so  important  a  portion  of  the  fauna  as  in  the 
other  groups.  The  commonest  Umia  fossils  are  two  species  of  Trigoma 
( T .  smeei  and  T.  ventricosd),  the -latter  being  also  found  in  the  neocomian 
rocks  of  South  Africa,  whilst  a  very  closely  allied  form  (T.  tuberculifera ) 
occurs  in  cretaceous  beds  in  Southern  India.  The  occurrence  of  these 
Tiigonm  iii  upper  Gondwana  strata  near  Rajamahendri  has  already 


‘  Nine,  according  to  Dr.  Waagen  (Pal.fndiciz, 
series  ix,  S25,  232),  but  he  appears  to  have 
overlooked  two  forms — Bclcmuites  kantkoiensis 
{qraManus),  stated  at  page  4  to  have  been 
Sound  in  Umia  beds  and  the  specimens  from  ! 
the  same gioup  doubtfully  referred  to  B.  cla- 
viger  on  p.  7,  These  very  trifling  and  unim-  ' 
poriant  oversights  are  not  noticed  in  order  to' 


'  call  attention  to  a  trivial  error,  but  because 
the  relations  of  the  Umia  group  are  of  constd^' 
erable  importance  and  have  been  disputed. 
In  consequence  ot  the  great  importance  of  this 
group,  the  evidence  upon,  which  its  relations 
to  the  upper  jurassic  beds  of  -Europe  are  based 
is  gvea  in  full.  .  , 

2  PaLIndita,  series  ix,  asg,  '(187S).  '! 
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miurnfcphiili)  and  in  this  imdana;  limy  an.;  a'.sockifed  with  speck-s  allied;, 
lo  Ammonites  dmractorislic  of  <:vm  nidor  European  deposits.  •  '  ■  ■  ' 


Oljosn  Oolite  .  j 

{Tert'bi alula  sel-hi\ 
berts).  ' 


Macroteplwlus  beds. 


Lower 


■  Two  of  the  European  jjjWune* 
I  occur  in  Pbrtbiod  of 

j  northern  France  atid  two  ta 
j  Titfioniaiv  bud"  rf-'ssutbera 
|  Europe. 

.  •  AH  the  four  European,  specie* 

'  belong  to  the  *»e  •/  Am. 
-I  etuntUina  (Kimmeviogc). 


Seven  characteristic  of  the 
eoi>e  of  A.  transvcisaifas 
(Lower  Oxford J  of  Europe.- 


Five  of  the  seven  species  found 
also  in  Europe  are  peculiar, 
to  the  beds  with  A ,  aneeps, 

siveiy  found  in  beds  with  A, 
macrocephaltts  in  Europe.  . 


The  occurrence  of  jtirassic  rocks  in  the  desert  tract  to  the  north  of  the 
Rann  of  dutch  has  been  known  for  many  years.  A  few  species  were  obtained 
from  the  country  immediately  north  of  the  Rann  by  Sir  H.  Pottinge.r,  but 
the  only  tracts  which  have  yet  been  explored  by  a  geologist  he  furilnfl’ 
north,  near  Ralmer,  in  Jaisalmet  and  in  Bikaner.  -  Five  distinct  groups  o* 
rocks  have  been  recognised  and  named  as  follows  ; — •  , 

5.  Abur  beds. 

4.  Parihar  sandstones.  .  .  '  . 

3.  jBedesar  group.  .  -  -  - 

2.  Jalsalmw  limestones,  ;  .  .  • 

1.  Bdlmer  sandstones.  1  - 

The  Bilmcr  rocks  consist  of  sandstones,  grits,  and  conglomerates,  the 
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compact,  and  a  still  tiner  rock  approaching  a  compact  shale,  white,  but 
veined  and  blotched  with  purple.  These  beds  must  attain  a  considerable 
thickness,  but  only  the  lowest  are  well  exposed,  the  upper  strata  being 
probably  softer.  The  lower  members  of  the  group  are  well  seen  at  Bdlmer 
itself,  where  they  rest  upon  the  Malawi  volcanic  rocks,  and  in  some  hills 
near  Naosir,  about  thirty  miles  farther  east.  Fragmentary  plant  remains 
are  common,  but  nothing  sufficiently  well  preserved  for  determination  has 
been  found,  and  no  remains  of  animals  have  been  detected  in  the  beds. 

East  and  south-east  of  Jaisalmer,  beneath  the  marine  jurassic  beds  of 
the  next  group,  a  considerable  thickness  of  white,  grey,  and  brown  sand¬ 
stones  is  exposed,  interstratified  with  numerous  bands  of  hard  black  and 
brown  ferruginous  sandstone  and  grit.  Towards  the  base  are  some  soft 
argillaceous  sandstones,  streaked  and  blotched  with  purple,  and  closely 
resembling  the  Burner  beds,  except  that  they  are  less  hard.  These 
rocks  probably  belong  to  the  Bdlmer  group.  They  have  a  lithological 
resemblance  to  the  Uinia  group  of  Cutch  and  to  some  of  the  Gondwina 
beds  of  the  Central  Provinces.  The  only  fossils  found,  except  fragments 
of  leaves,  were  some  pieces  of  dicotyledonous  fossil  wood. 

The  sandstones  and  limestones  of  the  Jaisalmer  group  rest  upon  the  beds 
last  described,  and  consist  of  thick  bands  of  compact  buff  and  light  brown 
limestone  interstratified  with  grey,  brown, and  blackish  sandstone,  with  some 
conglomerate.  The  limestone  forms  conspicuous  scarps  close  to  the  town 
of  Jaisalmer,  and  it  is  highly  fossiliferous,  containing  amongst  other  species 
Terebratula  biplicata,T.  intermedia ,  Pholadomya granosa,  Corbula  lyrata, 
C.  pec  t  mat  a.  Trigonia  costata,  Nncula  cuneiforinis ,  Pecten  lens,  and 
Nautilus  kumagunensis.  Ammonites  ( Steplianoceras )  jissus  has  been 
obtained  from  the  neighbourhood,  but  very  possibly  from  a  different  horizon 
for  in  Cutch  it  belongs  to  the  Dhosa  oolite  and  the  Kantkot  sandstone 
(both  Oxford),  whilst  Nautilus  kumagunensis  is  only  found  at  a  lower 
horizon  in  the  beds  with  Am,  macrocephalus  at  the  base  of  the  Chin  group. 
Terebratula  biplicata  in  Cutch  is  chiefly  characteristic  of  a  rather  higher 
horizon  than  that  of  the  macrocephalus  beds.  There  can,  however,  be  but 
little  hesitation  in  referring  the  Jaisalmer  limestones  to  the  age  of  the  Chari 
group. 

The  Jaisalmer  limestones  are  overlaid  by  a  group  of  purplish  and  red¬ 
dish  sandstones,  with  thin  layers  of  black  vitreous  ferruginous  sandstone. 
Some  beds  of  a  red  calcareous  sandstone  contain  fossils  which  have  not 
been  determined.  Some  of  them  closely  resemble  forms  from  the  Katro] 
group  of  Cutch.  These  sandstones  have  been  distinguished  as  the  Bedesar 
group 1  and  are  overlaid  by  the  Parihar  group  of  soft,  white  felspathic 
sandstones,  which  weather  into  a  clean  sugary  sand,  largely  composed  of 


R.  D.  Oldham,  Recads,  XIX,  158,  (1886). 
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subangular  fragments  of  transparent  quartz,  The  uppermost  beds  of  the 
jurassics  arc  sandstones,  shales  and  limestones,  among  which  there  is  one 
very  conspicuous  fossiliferous  band,  known  locally  as  Abur,  a  name  which 
has  been  applied  to  the  village  where  it  is  quarried,  and  formerly  referred  to 
in  the  Survey  publications  as  the  ammonite  bed  of  Kuchri.1  It  is  a  thin  bed 
of  buff  coloured  limestone,  weathering  red,  and  abounding  in  yellow  colour¬ 
ed  ammonites  of  three  or  four  species.  None  can  be  safely  identified  with 
any  dutch  species,  though  one  form  is  very  near  A.  (. Stephanoceras )  opts , 
which  is  common  to  the  Dhosa  oolite  and  Kantkot  sandstone' of  dutch. 


Jurassic  beds  are  again  found  in  the  western  half  of  tile .  Salt  ,, 
range  and  in  its  trans-Indus  continuation,  where  the  lower  beds 
rest  upon  the  triassic  rocks,  and  consist  of  sandstones  of  varying  colour, 
succeeded  in  ascending  order  by  limestones,  clays,  and  soft  white  sand¬ 
stones,  then  come  bands  of  haematite,  several  feet  in  thickness,  and 
thinner  layers  of  golden  oolite,  precisely  similar  to  the  rock  of  Cutch, 
the  upper  portion  of  the  group  consisting  of  coarse  brown  sandstones, 
yellow  marls,  white  sandstone  and  hard  grey  limestone  bands.  The , 
sandstones  are  often  conglomeratic  and  tlie  limestones  are  most  largely 
developed  to  the  westward.  Small  layers  and  patches  of  bright  jetty, 
coal  occur  in  places  towards  the  base  of  the  group  aud  west  of  the  Indus  " 
near  KSlabagh,  but  there  is  nothing  like  a  seam  of  coal.  The  patches  of 
coal  appear  to  be  merely  carbonised  fragments  of  drift  wood. 

The  Salt  range  jurassic  beds  are  not  found  east  of  the  neighbourhood 
of  Naushahra.  They  begin  to  appear  a  little  further  west  than  the  triassic 
ceratite  strata  and,  increasing  much  in  thickness,  continue  to  the-  Indus, 
West  of  that  river  the  same  rocks  re-appear  in'  the  .Maiddni  (ChicMlij 
hills,  where  they  are  well  developed  and  more  fossiliferous  than  in  the -Salt, 
range.  They  are  well  seen  in  the  Chichdli  pass,  and  extend  round  the  curve’ 
of  the  range  further  to  the  southward  than  the  Productus  limestone 
does,  'disappearing  beneath  the  tertiary  rocks-  about  six  miles  south  of, 
Mulakhel,8  but  are  again  found  in  the  Shaikh  Budfn  hills. 

Until  the  fossils  of  the  Salt  range  jurassic  beds  are  examined  in  detail, 
it  is  not  possible  to  say  exactly  what  members  of  the  jurassic  series-  are 
represented.  Dr.  Waagen  has  shown  that  there  is  a  close  connection 
between  the  Salt  range  oolitic  beds  and  those  of  Cutch,’  but  that  the  Spiti  - 
shales  of  the  Himalayas  contain  a  very  different  fauna.  The  Kelloway 
portion  of  the  Chd'ri  beds  is  distinctly  represented  in  the  Punjab,  and  some 
of  the  higher  jurassic  groups  also.  Cephalopoda  are  scarce,  except  west” 
of  the  Indus,  where  Ammonites  and  Beletnnites  occur  rather  more  - 

'  W,  T.  Blanford,  Records,  X,  16,  (1877).  .  I  0853).,  ,  ......  '  \  • 

51  Fleming,  Jour,  As.  Soc.  Bcng.,  XXII,  *78,  |  »  pal.  Jndjca,  series  ix,  236,  (1875).  1  . 


uppermost  trias,  and  of  the  abrupt  change  of  lithological  character  which 
takes  place  at  the  base  of  the  Spiti  shales  everywhere  except  in  Spiti,  it 
seems  more  natural  to  suppose  that  there  is  an  unconformity  which  has  not 
yet  been  recognised. 

The  Spiti  shales  are  overlaid  by  about  600  feet  of  a  light  yellow  silicious 
sandstone,  known  as  the  Giumal  sandstone,  which  was  regarded  by 
Dr.  Stoiiczka*  as  upper  jurassic  in  age,  but  has  more  recently  been  classed 

Jurassic  rocks  are  known  to  occur  north  of  Nepil,  characteristic  fossils 
having  been  brought  from  that  direction  by  traders,  and  the  Spiti  shales  have 

in  Hazdra  in  the  other.  In  llazdra  they  are  perfectly  typical  and  are  recog¬ 
nisable  both  lithologically  and  paleontologically.  In  the  Sirban  mountain 
they  rest  unconformably  on  a  surface  of  triassic  limestones,  eroded  and 
pierced  by  boring  molluscs.  They  are  conformably  succeeded  by  sandy  and 
calcareous  beds,  abruptly  overlaid,  but  with  no  observed  unconformity,  by 
a  sandstone  containing  a  lower  cretaceous  fauna. 

Further  south  the  Spiti  shales  have  not  been  recognised  with  certainty, 
but  in  the  Suliiman  range  some  black  shales,  overlaid  by  sandstones,  are 
found  below  the  cretaceous  limestone  of  the  Takht-i-Suldimdn4  and  a  similar  - 
section  is  said  to  be  observable  in  the  eastern  termination  of  the  Safed 
Koh,B  but  the  identification  lacks  the  support  of  fossil  evidence.  In  the 
southern  part  of  the  Uazdra  district  jurassic  rocks  are  represented  by  a 

‘  F.  Stoliczka,  Memoirs,  V,  85,  (4865).  I  (1891). 

|  \  Sfemcirs^  V,  l  l3l  (1865).  _  |  4  Records,  XVII,  184,  (1884). 
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band,1  composed  almost  entirely  of  Trigonia  ventricosa,  associated  with 
layers  containing  Ammonites,  Gryphxa  and  Belemnites,  whose  age  relative 
to  the  Spiti  shales  is  undetermined. 

This  will  be  the  most  convenient  place  to  mention’ certain  fossiliferous 
beds,  underlying  the  nummulitics  of  the  outliers  in  south-western  Garhwdl, 
whose  chief  interest  lies  in  the  fact' that  they  contain  the  only  pretertiary 
organic  remains  that  have  been  recognised  in  the  outer  Himalayas  south  of 
the  main  snowy  range.  They  were  originally  discovered  by  Mr.  Med* 
licott  2  in  the  Tal  valley  immediately  east  of  the  Ganges  and  have  conse¬ 
quently  been  frequently  referred  to  as  the  Tal  beds. 

They  are  described  by  Mr,  Middlemiss  as  grits  or  quartzites,  frequently 
calcareous  and  passing  into  limestone  in  places.  The’  fossils  are  mostly 
fragmentary,  but  among  them  he  considered  that  corals',  belemnites 
lamellibranchs  and  gasteropoda  were  represented,  the  whole  indicating  a 
probably  jurassic  age.  Subsequent  critical  examination,  however,  failed  to 
discover  any  specimens  determinable  with  sufficient  accuracy  to  indicate 
the  age  of  the  rocks.  Judging  from  their  stratigraphical  position  they  are 
probably  mesozoic,  but  beyond  this  nothing  can  be  decided. 

1  A.  B.  Wynne,  Records,  XII,  125,  (1879). .  [  8  Records,-  XVII,  161,  (1884) ;  XVIII,  73, 

5  Memoirs,  III,  pt.  ii,  69,  (1864),  I  (1885). 
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MARINE  CRETACEOUS  ROCKS  OF  THE  INDIAN  PENINSULA. 

Cretaceous  rocks  of  Southern  India— Relations  to  cretaceous  rocks  of  Assam  and  South 
Africa — Cretaceous  rocks  of  the  lower  Narbada  valley— Relations  to  cretaceous  of  Europe — 
Contrast  to  cretaceous  of  Southern' India — An  Indo-African  laud  connection — Doubtfully 
cretaceous  sandstones  of  the  Narbada  valley  and  of  Kdthiatvar. 

The  occurrence  of  cretaceous  rocks  in  Southern  India  was  first  ob¬ 
served  in  1840  by  Mr.  Kaye  of  the  Madras  Civil  Service,  who,  in  company 
with  Mr.  Brooke  Cunliffe  and  others,  collected  a  large  series  of  fossils, 
which  were  examined  by  Professor  E.  Forbes.  The  rocks  near  Pondi- 
cherri  had,  however,  some  years  before  attracted  the  notice  of  Mons.  E. 
Chevalier,  but  no  account  of  them  was  published  until  after  the  appearance 
of  Mr.  Kaye’s  description.  A  collection  of  fossils  from  the  neighbour¬ 
hood  of  Pondicherri  was  examined  by  A.  D’Orbigny,  and  referred  to  an 
upper  cretaceous  age.  Forbes,  on  the  other  hand,  referred  the  beds  of 
Trichinopoli  and  Viruddhichalam  to  the  age  of  the  upper  greensand  or 
gault,  and  the  Pondicherri  beds  to  the  neocomian.  It  was  shown  by  Mr.  H. 
F.  Blanford  that  beds  of  two  ages  exist  near  Pondicherri,  and  he,  follow¬ 
ing  Professor  Forbes,  considered  the  lower  of  these  or  Valudayur  beds 
neocomian  and  older  than  any  of  the  Trichinopoli  rocks,  but  the' thorough 
examination  of  all  the  Southern  Indian  fossils  by  Dr.  Stoliczka  has  proved 
that  the  general  homotaxis  is  middle  and  upper  cretaceous,  and  that  the 
neocomian  and  oolitic  forms,  which  led  to  a  portion  of  the  beds  being 
originally  classed  as  lower  cretaceous,  are  less  numerous  than  the  middle 
cretaceous  species  with  which  they  are  associated.  It  was  also  found 
that  the  fauna  of  the  Valudayur  beds  had  more  species  than  was  at  first 
supposed  in  common  with  the  lowest  group  of  the  Trichinopoli  area,  and 
the  two  were  consequently  considered  identical.  The  Cephalopoda  of  the 
lower  beds  comprise  several  species  found  in  the  gault  of  Europe,  and  the 
number  was  at  first  supposed  to  be  larger  than  it  proved  on  subsequent 
closer  investigation,  but  as  there  are  scarcely  any  representatives  of  gault 
forms  amongst  the  very  numerous  and  beautifully  preserved  Gasteropoda 
and  Lamellibranchiata  ( Pelecypoda ),  the  whole  of  the  Southern  Indian 
beds  were  finally  referred  by  Dr.  Stoliczka  to  an  age  not  older  than  the 
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upper  greensand  of  England  (cenomanian),  and  ranging  thence  to  the 
upper  chalk  (senonian). 

The  rocks  of  cretaceous  age  in  Southern  India ’  occupy,  with  relation  , 
to  older  and  newer  formations,  a  very  similar  position  to  that  of  the  out-, 
crops  of  upper  Gondvrdna  beds  farther  to  the  northward.  The  cretaceous 
beds  occur  in  the  great  plain  which  extends  along  the  Coromandel  coast 
from  the  north  of  the  Godavari  to  Cape  Comorin.  They  rest  to  the 
west  upon  the  gneiss,  or  occasionally  upon  small  patches  of  the  upper 
Gondwana  (Rdj  mailed)  beds,  they  have  a  low  dip  to  the  eastward, 
and  are  covered  up  on  the  east  by  pleistocene  beds,  known  as  Cuddalore 
sandstones,  and  b)  the  alluvium  of  the  sea  coast.  The  cretaceous  beds  are 
exposed  at  the  surface  in  three  detached  areas,  separated  from  each  other 
by  the  alluvial  deposits  of  the  Penner  and  Vellar  rivers.  The  southern 
and  largest  of  these  areas,  between  the  Vellar  and  Coleroon  rivers,  is  in 
the  Trichinopoli  district,  and  known  as  the  Trichinopoli  area.  North 
of  Vellar  ar  two  much  smaller  exposures  near  Viruddhdchalam  and  Pon- 
dicherri  respectively,  and  named  from  those  towns. 

The- Trichinopoli  area  extends  about  twenty-five  miles  from  north  to 
south,  and  for  about  the  same  breadth  where  widest,  but  it  is  very  irregular 
in  form.  South  of  the  Coleroon  (the  principal  outlet  of  the  river  Cauvery) 
no  cretaceous  beds  have  been  traced,  and  the  southern  boundary  of  the 
cretaceous  area  north  of  the  Coleroon  is  chiefly  formed  by  gneiss.  To  the 
northward  the  cretaceous  rocks  disappear  beneath  the  alluvium  of  the  Vellar 
river  and  re-appear  north  of  the  river  at  Viruddhdchalam  forming  the 
Viruddhdchalam  area,  in  which  only  the  highest  cretaceous  group  is  ex¬ 
posed,  and  even  this  is  only  visible  at  very  few  points.  It  occupies  a  tract 
of  country  about  fifteen  miles  long  from  north-north-east  to  south-south¬ 
west  by  about  five  broad,  with  gneiss  to  the  west  and  tertiary  Cuddalore 
sandstone  to  the  east.  There  is  a  second  break  in  the  rocks  at  the  Penner 
river,  and  alluvium  extends  to  the  neighbourhood  of  Pondicherri,  causing 
an  interval  of  about  twenty-five  miles  in  the  belt  of  cretaceous  rocks  before 
they  re-appear  near  Valudayur,  ten  miles  west  by  north  from  Pondicherri. 
Here  they  occupy  a  small  tract  of  country  about  twelve  miles  long  from 
north-east  to  south-west,  by  six  miles  broad,  and  only  separated  from  the 
sea  on  the  east  by  a  band  of  Cuddalore  sandstones  two  to  four  miles  wide. 
To  the  west  is  a  narrower  strip  of  Cuddalore  sandstone,  beyond  which  the 
country  consists  of  gneiss. 


’  For  a  complete  description  o£  the  geology 
by  Mr.  H.  F.  Blanford,  see  Memoirs,  IV,  pp. 
1-217,(1862).  The  fossils  are  described  and 
figured  in  four  volumes,  comprising  Series 
v,  vi,  andviii,  (1861-73)  of  the  "PaUeortto- 
logia  Mice,”  all  by  Dr.  F.  Stoliczka,  with 


the  exception  of  the  Sclemnites  and  Nautili, 
which  are  by  Mr.  H.  F.  Blanford.  Some  addi¬ 
tional  notes  on  the  Cephalopoda  are  published 
in  the  Records,  I,  32,  (1868),  and  on  the  fofcsils 
generally,  by  Mr,  R.  B,  Foote,  in  Records, 
XII,  159,  (1879). 
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In  all  three  areas  there  appears  to  be  a  low  dip  to  the  east,  the  lowest 
beds  appearing  at  the  western  boundary  and  higher  groups  succeeding  in 
regular  order  to  the  eastward.  Many  of  the  dips  seen  in  the  rocks  are, 
however,  deceptive,  being  due  to  oblique  lamination  or  false  bedding,  which 
prevails  extensively  throughout  the  series  and  especially  in  the  southern 
portion  of  the  Trichinopoli  area.  In  the  Viruddhdchalam  and  Pondicherri 
areas  the  rocks  are  ill  seen,  and  the  dips  are  less  distinct,  but  there 
appears  every  probability  that  the  same  low  dip  prevails  in  the  Pondicherri 
or  Valudayur  area  ;  the.  direction  is,  however,  south-east  rather  than  east. 

The  series  is  divided  into  three  groups  named,  in  descending  order 
Ariyalur,  Trichinopoli,  and  Utatur.  The  following  table  taken  from  the 
Palaeontologia  Indica ,  exhibits  Dr.  Stoliczka’s  final  views  as  to  the 
representation  by  these  groups  of  the  European  cretaceous  subdivisions  : 


South  India. 

England. 

Franc. 

Germany. 

(  Zone  of  Nautilus  danicus  and 
A  "group  13  "  \ 

)  phtsa  vesicutaris,  Inoceramus 
V  irifisii,  Crania  ignabergensis. 

Upper  chalk  1 

Senonian  . 

Qfeer  Quarter. 

(  Zone  of  Ammonites perampltis,  Pho- 
Trichino-  J  ladomya  taudata,  Modiola  typtea, 
POLI  Group.  J  Ostrea  ditumana,  Rhymonella  t 

Lower  chalk 

Turonian  . 

Mittel  Qua- 
der. 

(  Zone  of  Ammonites  rostratus  and 

Chalk  marl 

Cenomanian 

Unter  Quade 

U  T  A  T  fi  R  ’  ’otemagensis,  Inoceramus  labia -  j 

Group  tus,  Exogyra  suborbiculaia  (Gry- \ 

croup.  J  columba)t  and  Terebratula 

V.  depxessa.  \ 

and  upper 
greensand. 

or  Tourtia. 

Unterer  Qua- 

and  Unterer 
Planer. 

The  Utatur  group  derives  its  name  from  a  large  village  twenty  miles 
north-north-east  of  Trichinopoli.  The  beds  composing  the  group  are  chiefly 
argillaceous ;  fine  silts,  calcareous  shales,  and  sandy  clays,  frequently  con- 
cretionary  and  more  or  less  tinted  with  ochreous  matter,  prevail  through¬ 
out  the  group,  and  in  the  southern  portion  of  the  area  constitute  almost 
the  entire  bulk  of  the  deposit.  North  of  the  parallel  of  Utatur,  limestone 
bands  become  intercalated  in  the  lower  or  western  part  of  the  group  and 
sands,  grits,  and  conglomerates  in  the  upper  or  eastern  part,  these  changes 
in  mineral  character  being  accompanied  by  a  great  enrichment  of  the 

p.  ii,  (1873),  As  there  ace  several  slight  errors,  1  bably  not  corrected  by  Dr.  Stoliczka. 
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fauna  in  the  first  case  and  an  impoverishment  in  the  latter.  Conglomerates, 
are  of  very  rare  occurrence  in  the  lower  beds.  Gypsum  occurs  in  most  of 
the  argillaceous  strata,  and  is  to  a  certain  extent  characteristic  of  the 
group.  The  dips  are  often  irregular,  and  apparently  due  to  the  original 
deposition  of  the  beds  on  shelving  banks.  This  irregularity  of  dip  rendeis 
it  impossible  to  form  any  trustworthy  estimate  of  the  thickness  attained  by 
the  group  as  a  whole;  it  may,  however,  be  roughly- estimated  as  probably 
not  less  than  1,000  feet. 

At  the  base  of  the  Utatur  group  there  are,  in  several  places,  large 
masses  of  coral  reef  limestone,  resting  sometimes  on  the  upper  Gondwdna 
plant  beds,  more  frequently  on  the  gneiss,  and  occasionally  on  the  lowest 
beds  of  the  Utatur  group  itself.  The  rock  is  a  nearly  pure  pale  coloured 
limestone,  compact  and  homogeneous,  but  often  with  a  flaggy  structure, 
and  frequently  irregularly  banded  with  white  streaks,  which,  on  weathered 
surfaces,  exhibit  the  corals  of  which  they  are  composed,  The  mass  of  the 
rock  also  sometimes  abounds  in  corals,  but  more  frequently  no  organic 
structure  can  be  traced.  In  lithological  character  this  rock  precisely 
resembles  the  coral  reef  limestone  of  the  present  day,  as  described  by 
Darwin,  Dana,  Jukes,  and  other  observers.  .  . 

The  usual  position  of  this  limestone  is  at  the  base  of  the  Utatt'ir 
group,  resting  upon  older  rocks.  The  coral  reefs  appear  to  have  been  - 
frequently  exposed  to  denudation  during  the  deposition  of  the  later 
Utatur  beds,  amongst  which,  in  places,  calcareous  bands  are  found,  ap¬ 
parently  derived  from  the  waste  of  the  reefs.  The  coral  limestone  now 
remains  in  the  form  of  small  isolated  patches,  scattered  along  the  1 
western  and  southern  margins  of  the  cretaceous  beds.  In  one  locality, 
however,  dose  to  the  village  of  Caligudi,  on  the  southern  boundary 
of  the  cretaceous  area  and  twenty  miles  north-east  of  Triehinopoli,  by  far 
the  largest  outcrop  of  the  limestone  in  the  area  occurs  at  the  base  of 
the  Triehinopoli  group.  This  outcrop  is  of  considerable  breadth,  and 
extends,  with  one  or  two  breaks,  for  about  six  miles.  From  an  examina¬ 
tion  of  all  the  circumstances,  however,  it  has  been  satisfactorily  ascer¬ 
tained  that  this  outcrop  also  belongs  to  the  Utalur  group,  and  that  the 
Triehinopoli  group  rests  unconformably  upon  it, 

The  coral  reefs  appear  to  have  been  scattered  over  the  sea  bottom  in 
shallow  water,  and  probably  along  the  coast,  at  the  commencement  of 
the  period  during  which  the  cretaceous  deposits  of  Southern  India  were 
formed.  The  remaining  beds  of  the  Utatur  group  were  probably 
deposited  in  water  of  moderate  depth,  and  some  of  them  appear  to 
bj’re  accumulated  on  submarine  banks,  possibly  formed  in  tidal  channels, 
Hence  the  false  bedding  so  prevalent  in  the  rocks.  The  coarser  con¬ 
stituents  of  the  rocks  to  the  northward  appear  to  indicate  that  the 
current  which  brought  the  sediment  flowed  from  that  direction,  and  thy 
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occurrence  of  littoral  forms  of  mollusca  in  greater  abundance  throughout 
the  northern  parts  of  the  area  may  be  accounted  for  in  the  same  manner. 
The  beds  in  the  southern  portion  of  the  Utatur  area  appear  to  have  been 
formed  of  fine  silt,  deposited  in  a  bay  where  the  force  of  the  current  was 
less  than  to  the  northward,  and  the  fossils  which  occur  are  mostly  the 
remains  of  pelagic  animals,  such  as  Belemnites,  a  few  Ammonites , 
chiefly  of  Cristati  group,  or  else  peculiar  forms  of  Vermetidse  {Tubal- 
ostium  discoideum  and  T.  callosum ),  \sY  '  probably  lived  in  the  mud. 
The  Ammonites  and  Nautili,  which  areV\-  -ms  to  the  northward,  are 
scarce  in  the  southern  portion  of  the  area.'  'Cycadeaceous  fossil  wood, 
sometimes  bored  by  Teredo  and  other  Pholadidse,  abounds  in  certain 
parts  of  the  group.  On  the  whole,  there  appears  every  reason  to  believe 
that  the  Utatur  beds  were  formed  in  the  neighbourhood  of  a  coast  line. 

The  distribution  of  the  Utatur  beds  in  the  Trichinopoli  district  is  very 
simple.  They  form  the  western  portion  of  the  cretaceous  area  through¬ 
out,  their  outcrop  being  in  general  from  three  to  five  miles  broad,  except 
to  the  northward,  where  it  diminishes  in  consequence  of  the  beds  being 
overlapped  by  those  of  the  next  group,  till,  at  the  village  of  Olapddi  in 
the  northern  portion  of  the  tract,  the  breadth  of  the  Utatur  outcrop  does 
not  exceed  half  a  mile.  At  the  extreme  northern  point  of  the  area,  both 
the  Utatur  and  Trichinopoli  groups  are  completely  overlapped  by  the 
uppermost  subdivision. 

The  Utatur  beds  are  not  represented  in  the  Viruddhdchalam  area,  but 
they  re-appear,  as  already  mentioned,  near  Pondicherri.  Here  the  beds 
formerly  classed  as  the  Valudayur  group,  and  considered  neocomian  by 
Forbes,  but  which  were  shown  by  Stoliczka  to  contain  several  species  of 
fossils  common  to  the  Utatur  group,  consist  chiefly,  like  the  strata  near 
Utatur,  of  argillaceous  beds,  sandy  shales,  and  sands,  with  occasional  bands 
of  limestone  and  calcareous  concretionary  nodules.  Conglomerates  occasion¬ 
ally  occur  amongst  the  lowest  beds  seen,  but  the  most  characteristic  band 
is  composed  of  dark  grey,  compact  limestone  in  large  nodules,  sometimes 
highly  fossiliferous,  Baculites  vagina  being  the  commonest  fossil. 

The  area  occupied  by  the  Utatur  or  Valudayur  beds  near  Pondicherri 
extends  from  Valudayur  for  about  nine  miles  to  the  north-east  and  is 
about  four  miles  broad.  The  beds  are  not  seen  to  rest  upon  any  older 
formation.  The  country  north  and  south  is  covered  with  alluvium.  To  the 
eastward  the  Utatur  beds  disappear  beneath  the  Ariyalur  group,  and  to 
the  westward  beneath  the  Cuddalore  sandstones  of  Tiruvakarai  (Trivicary). 
The  beds  to  the  westward  appear  to  be  the  lowest,  and  there  is  a  dip  to 
the  eastward. 

The  fauna  of  the  Utatur  group  is  very  rich,  no  less  than  297  species  ol 
Invertebrata  having  been  described  from  it.  It  has  yielded  an  especially 
large  number  of  Cephalopoda ,  109  species,  95  of  which  have  not  been  met 
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with  in  the  Trichinopoli  or  Ariyaldr  group.  Of  these  109  species,. 2 7  are 
known  to  occur  in  Europe,  or  elsewhere  out  of  India,”  and  although  the 
majority  are  distinctly  and  characteristically  middle  cretaceous  forms,  three- 
are,  in  Europe,  neocomian  species,  vie.  Nautilus  neototnienszs,  Ammonites 
veiled#,  and  A.  roup  an  us ,  whilst  no  less  than  nine  are  found  in  the  gault, 
several  of  the  latter  ranging,  however,  into  the  upper  greensand  (cenor 
manian).  Amongst  the  forms  which  are  not  European,  the  most  remark¬ 
able  are  three  species  belonging  to  the  section  .of  Ammonites  known  as 
globosi,  which,  amongst  European  rocks,  are  especially  characteristic  of 
the  triassic  period.  A  very  large  proportion  of  the  Cephalopoda  were 
collected  in  the  neighbourhood  of  two  villages,  Odiam  and  Maravatur,  on  . 
the  road  from  Perambaldr  to  Aria! dr,  and  about  twelve  miles  north-east 
of  Utatdr.  -  - 

The  Gasteropoda  comprise  only  43  species,  a  number  far  in¬ 
ferior  to  that  found  in  each  of  the  other  groups,  and  the  majority  of 
these  are  littoral  forms.  The  L  a  m  el  libra  nch  la  ta  ( Pelecypoda )  are  79. 
in  number,  the  Brachiopoda  9,  Ech  ino  derma  ta  10,  and  Corals  42,  with  one' 
species  of  sponge  and  one  annelid.  The  forms  found  also  in  other  coun¬ 
tries  belong  almost  without  exception  to  the  upper  greensand  (cenomanian)  ” 
or  higher  groups,  thus  presenting  a  remarkable  difference  from  the  Cepha- 
lopoda ,  in  which  gault  forms  are  so  largely  represented.  The  only  fossils 
of  much  importance,  besides  the  Mollusca,  are  the  corals,  which,  from  the 
prevalence  of  reefs  at  the  base  of  the  group,  are  superbly  represented,  no 
less  than  42  species,  belonging  to  23  genera,  being  known  to  occur. 


The  Trichinopoli,  or  middle  group,  of  the  Southern  Indian  cretaceous 
series  derives  its  name  from  the  district  of  Trichinopoli,  to  which  it  is,  so 
far  as  present  exploration  extends,  entirely  restricted.  To  the  south  it 
consists  chiefly  of  sands  and  clays,  very  irregularly  bedded,  with  a  few 
bands  of  limestone  and  some  conglomerates,  and  it  differs  lithologically 
only  in  one  important  respect,  w'hich  will  be  described  presently,  from  the 
Utatur  group.  North  of  the  parallel  of  Utatur  regular  bands  of  shell 
limestones  become  intercalated  in  the  lower  beds  of  the  deposit  and,  to 
the  northward,  the  whole  group  is  composed  of  regularly  stratified  alterna¬ 
tions  of  sand,  sandy  clay's,  and  shales,  with  bands  of  shell  limestone, 
calcareous  grit  and  conglomerate,  ”  ■  -  ‘  . 

A  peculiarity  by  which  both  the  Ariyalur  and  Trichinopoli  beds  in 
the  southern  part  of  the  cretaceous  area  are  distinguished  from  the 
Utatdr  is  the  occurrence  of  granite  pebbles  in  considerable  quantity 
in  the  gravels  and  conglomerates  of  the  two  former,  whilst  none  are 
found  in  the  lower  subdivision.  In  the  Utatur  group  the  materials,  of 
the  few  conglomeratic  or  gravelly  beds  w'hich  occur  are  derived  either 
from  the  gneiss  or  from  the  coral  reef  limestone,  whilst  in  the  two 
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tipper  groups  conglomerates  are  more  frequently  met  with,  and  loose 
masses  of  unstratified  gravel  and  beds  of  rolled  pebbles,  almost  entirely 
composed  of  granitic  materials  and  resembling  the  shingle  of  a  sea 
beach,  are  of  common  ■  occurrence.  The  source  of  the  granite  pebbles 
was  evidently  the  broad  belt  of  granitic  rocks  which  forms  the  southern 
boundary  of  the  cretaceous  area,  dividing  it  from  the  alluvium  of  .the  Cauvery 
throughout  the  greater  portion  of  its  extent,  and  the  necessary  inference 
is,  that  this  band  of  rock  was  in  all  probability  beneath  the  sea  during  the 
deposition  of  the  Utatiir  beds,  and  that  it  was  elevated  above  the  water 
in  the  interval  between  the  Utatdr  and  Trichinopoli  ages. 

The  Trichinopoli  beds  are,  even  more  characteristically  than  the 
Utaturs,  the  littoral  deposits  of  a  shallow  sea.  This  is  proved,  not  only 
by  the  frequent  occurrence  of  coarse  sediment  and  the  great  irregularity  of 
the  deposits  in  part  of  the  area,  but  by  the  abundance  of  fossil  wood,  almost 
exclusively  exogenous  and  apparently  cycadeaceous.  Trunks  of  trees 
are  met  with  of  great  size,  as  much  as  three  feet  in  diameter  and  sixty 
feet  in  length,  much  of  the  wood  being  perforated  by  boring  mollusca. 

The  shell  limestone  of  Garudamangalam,  east  of  Utatur,  and  other 
places  is  a  very  fine,  hard,  bluish  grey,  translucent  rock,  usually  abounding 
in  beautifully  preserved  shells,  both  Gasteropoda  and  Lamellibranchiata , 
which  retain  their  original  polish,  and  occasionally  even  the  colouration  of 
their  surfaces.  This  rock,  known  as  Trichinopoli  marble,  is  largely 
quarried  for  ornamental  purposes,  and  has  yielded  a  considerable  propor¬ 
tion  of  the  fossils  found  in  the  group.  The  limestone  occasionally  contains 
pebbles  of  granite  or  fragments  of  fossil  wood,  either  of  which  is  sufficient 
to  distinguish  it,  even  when  it  is  unfossiliferous,  from  the  Utatur  lime¬ 
stones. 

The  beds  of  the  Trichinopoli  group  are  unconformable  to  the  Utaturs, 
upon  which  they  rest  throughout  the  greater  part  of  the  area,  the  evidence 
of  unconformity  not  being  confined  to  overlap,  but  depending  chiefly  upon 
the  proof  afforded,  by  the  rocks  at  the  southern  edge  of  the  area,  that  the 
Utatur  beds  had  been  disturbed  and  faulted,  probably  at  the  period  of 
upheaval  of  the  granitic  band  already  mentioned,  before  the  deposition  of 
the  Trichinopoli  formation.  Elsewhere  also,  the  Trichinopoli  beds  rest 
in  places  upon  a  denuded  surface  of  Utaturs.  There  is  also  a  great 
change  in  the  fauna.  In  the  southern  portion  of  their  range  the  Trichino¬ 
poli  beds  rest  partly  upon  the  coral  reefs,  which  have  been  already  shown 
to  be  some  of  the  lowest  beds  of  Utatur  age,  and  partly  on  the  mctamor- 
phics,  a  considerable  portion  of  the  boundary  being  formed  by  the 
granitoid  rocks  so  frequently  mentioned  already. 

The  present  group,  like  the  Utatur,  is  so  irregularly  bedded,  and  the 
dips  seen  are  so  frequently  those  of  original  deposition,  that  no  trust¬ 
worthy  estimate  of  the  thickness  can  be  formed.  The  general  im  filiation 
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is  to  i:bc  eastward,  the  average  breadth  of  the  outcrop  is  nearly  the  same 
as  that  of  the  Utatur  beds,  and  the  same  minimum  thickness;  vis.  i,ooQ 
feet,  may  be.  assumed  ;  the  general  dip  of  the  bedding  in  the  more  regular-  ' 
iy  stratified  portion  of  the  group  to  the  northward  is,  however, .  lower 
than-  in  the  underlying  group,  averaging  about  6°,  The  beds  thin  out 
greatly  to  the  northward,  and  are  at  length  completely  overlapped  by  the 
Ariyaldrs. 

It  has  already  been  stated  that  the  Trichinopoli  group  is  confined,  so 
far  as  is  at  present  known,  to  the  Trichinopoli  area.  Within  that  area  it 
forms  a  belt  east  of  that  formed  by  the  Utatur  group,  and  extending 
similarly  from  south-south-west  to  north-north-east.  The  Trichinopoli 
outcrop  is,  however,  broader  in  the  southern  half  of  the  area,  where  it  is 
about  four  miles  across,  than  in  the  northern  half,  where  it  is  in  no  place 
more  than  two  miles  wide.  It  thins  out  and  disappears  completely  about 
two  miles  south  of  the  place  where  the  Utaturs  are  similarly  overlapped 
by  the  Ariyalur  beds.  Along-  the  southern  boundary  of  the  Utatur  area, 
several  outliers  of  Tcichinopoli  beds  are  found,  resting  partly  on  the  Utaturs 
and  partly  on  the  gneiss,  and  occasionally  overlying  the  faulted  boundary 
between  the  two  formations.  These  small  outliers,  one  of  which,  south  of 
Tirupatur,  forms  the  south-western  corner  of  the  whole  area,  are  composed 
of  coarse  sands  and  conglomerates,  usually  unfossiliferous,  but  occasionally 
containing  Chemnitsia  undosa  and  other  characteristic  Trichinopoli  fossils, 
and  the  materials  of  which  they  are  formed  are  derived  chiefly  fiom  the 
metam orphic  rocks,  but  partly  from  the  denudation  of  the  Utatur  beds.  ■ 

The  fauna  of  the  Trichinopoli  group,  although  not  quite  so  rich  as 
that  of  the  Utatur  beds,  affords  a  full  illustration  of  the  life  existing  at  the 
period,  186  species  of  Invertebrate,  having  been  described  from  these 
beds  by  Dr,  Stoliczka.  The  Cephalopoda  are  comparatively  poorly 
developed,  only  23  species  having  been  detected,  and  of  these  but  10,  of 
which  four  are  European,  are  in  India  peculiar  to  the  group.  All  the 
Cephalopoda  identified  belong  to  the  two  genera  Nautilus  and  Ammo¬ 
nites,  the  n on-discoid  Ammonitoid  genera,  such  as  Anisoccras ,■  Scaphiles,- 
Turrilites,  etc.,  so  largely  represented  in  the  Utatsir  group,  as  well  as  the  ■ 
Belemnites,  so  abundant  in  the  lower  subdivision,  being  apparently  want¬ 
ing  in  the  Trichinopoli  beds.  The  Rotomagenses  Ammonites,  so  charac¬ 
teristic  of  the  lowest  cretaceous  subdivision  in  Southern  India,  are  also 
wanting  in  the  higher  groups,  with  one  doubtful  exception.  A  few  forms,, 
usually  associated  with  older  strata,  still  survive,  however,  such  as  Ammo¬ 
nites  menu,  belonging  to  the  Armati  (a  jurassic  group),  A.  koluturensis  of  - 
the  Macrocephalus  group,  allied  to  such  oolitic  species  as  A.  indcrocephalus 
and  A.  herveyi,  and  A.  theobaldia n  us,  one  of  the  Planulah  allied  to 
upper  jurassic  forms,  such  as  A.  biplex,  Most  of  the  types  found  are, 
however,  characteristically  upper  cretaceous. 
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On  the  other  hand,  Gasteropoda ,  comprising  86  species,  are  much  more 
abundant  than  in  the  Utatur  group,  Lamellibranchiata ,  comprising  66 
species,  being  rather  less  numerous.  There  are  but  5  Brachiopoda  and  6 
corals,  whilst  no  Echinodermata  have  been  recognised.  The  Gasteropoda 
include  several  siphonostomate  genera,  rare  in  the  older  rocks,  and  not 
found  in  the  Jtatur  beds,  the  number  increasing  greatly  in  the  next  higher 
subdivision,  that  of  Ariyaldr.  The  whole  fauna  exhibits  a  mixture  of  upper 
and  middle  cretaceous  forms,  and  appears  fairly  to  represent  the  lower 
chalk  of  England  or  the  turonian  of  continental  geologists. 


The  name  of  the  highest  group  of  the  Southern  Indian  cretaceous  series 
is  derived  from  the  town  of  Ariyalur,  which  is  situated  nearly  in  the  middle 
of  the  comparatively  large  expanse  of  Ariyalur  beds  in  the  TrichinopoII 
district.  The  country  occupied  by  the  beds  of  this  group  is  much  covered 
with  cotton  soil,  and  sections  are  even  rarer  than  in  the  two  lower  cre¬ 
taceous  subdivisions. 

The  Ariyalur  beds  are  more  sandy  than  the  two  lower  groups  and  more 
uniformly  bedded,  the  beds  being  thick  and  homogeneous,  consisting 
principally  of  white  unfossiliferous  sands  and  grey  argillaceous  sands,  with 
casts  of  small  fossils.  Beds  of  calcareous  grit  and  nodular  calcareous 
shales  are  found  towards  the  base,  and  again  in  the  upper  portion  of  the 
group,  constituting  two  highly  fossiliferous  zones,  separated  by  a  con¬ 
siderable  thickness  of  deposits,  in  which  fossils  are  rare  or  wanting, 
although  some  interesting  remains  of  a  Megalosaurus  were  found  in  one 
of  the  beds.  A  band  of  flints  is  associated  with  the  uppermost  beds. 
There  is  a  marked  difference  between  the  fossils  of  the  upper  and  lower 
zones  in  Trichinopoli,  and  it  appears  very  probable  that  further  examina¬ 
tion  of  the  rocks,  now  that  the  fossils  have  been  compared  and  determined, 
would  justify  the  separation  of  this  group  into  two — a  probability 
w'hich  w'as  pointed  out  by  Mr.  H.  F.  Blanford  at  the  time  of  the  original 
survey,  although  not  shown  on  the  map  nor  applied  in  the  discrimination 
of  the  fossils,  because  of  the  doubts  which  remained  as  to  the  distinction 
of  the  two  subdivisions  in  the  Pondicherri  area,  where  the  fossils  of 
both  upper  and  lower  Ariyalur  beds  appear  to  occur  together.  Conglo¬ 
merates  are  of  rare  occurrence  in  the  Ariyalur  group,  though  a  coarse 
bed  is  found  in  places  near  the  base,  and  there  is  but  little  irregularity 
in  the  bedding,  except  close  to  the  southern  boundary.  The  constituents 
of  the  Ariyalur  beds  were  derived  chiefly  from  the  metamorphic  rocks, 
.mongst  others  from  the  granitic  band  to  the  southw'ard,  but  a  portion 
of  the  sediment  must  have  been  furnished  by  the  waste  of  some  of  the 
older  cretaceous  groups,  probably  the  Utaturs. 

The  above  description  of  the  lithological  characters  is  principally 
taken  from  the  beds  near  Ariyalur,  but  it  is  also  to  a  great  extent 
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applicable  fo  the  rocks  seen  near  Viruddh.-tcfialam  and  Pondicherri. 
In  both  localities  tin;  Ariyalur  deposits  are  chiefly  represented  by  sands  or 
sandy  days,  and  by  beds  of  arenaceous  limestone  or  calcareous  sandstone- 
at  the  base  of  the  group.  The  strata  appear  to  thin  out  to  the  northward, 
and  it  is  far  from  dear  whether  the  uppermost  fossiiiferous  zone  ex¬ 
tends  in  that  direction,  although  some  of  its  characteristic  fossils,  such . 
as  Nautilus  danicus ,  occur  abundantly  near  Pondicherri.  It  has  no!, 
however,  been  hitherto  found  practicable  to  determine  whether  a  distinct 
upper  zone  exists  near  Pondicherri  or  whether  representatives  of  the 
upper  fauna  occur  in  beds  of  lower  horizon  than  those  in  -which  the  same 
species  are  found  near  Ariyalur.  -  -  • 

There  is  consequently  some  obscurity  concerning  the  relations  of  the 
beds  belonging  to  the  Ariyaldr  group  amongst  themselves,  and  this  difficulty 
is  complicated  by  the  circumstance  that  there  is  in  many  places  an  ap¬ 
parent  passage  from  the  Trichinopoli  group  into  the  Arij'alur  beds,  the 
rocks  being  similar  in  mineral  character  near  the  junction,  and  the  fossils 
being  chiefly  forms  which  appear  to  range  from  one  group  into  the  other. 
It  is  highly  probable  that  further  examination  of  the  ground,  which,  as 
has  been  already  noticed,  is  so  much  concealed  by  superficial  accumula¬ 
tions  that  the  different  groups  can  frequently  only  be  traced  by  their  fossils, 
would  show  either  that  the  number  of  groups  or  of  palaeontological  zones' 
must  be  increased,  or  else,  in  some  cases,  that  fossils  supposed  to  have  been 
procured  from  the  Trichinopoli  group,  have  really  been  derived  from  the 
Ariyalur,  and  vice  versa. 

The  area  occupied  by  the  AriyaliSr  beds  in  the  eastern  portion  of  the 
Trichinopoli  tract  amounts  to  about  200  square  miles,  or  more  than  that 
covered  by  both  the  other  subdivisions  together,  the  outcrop  where  broad¬ 
est,  near  Ariyalur,  is  about  sixteen  miles  wide  and  extends  for  twenty-six 
miles  from  north  to  south. 

The  Ariyalur  beds  also  occupy  the  greater  portion  of  a  tract  sixteen 
miles  long  by  five  miles  broad  near  Viruddbdchalam,  and  another  about 
twelve  miles  long  from  south-west  to  north-east,  by  two  miles  broad,  west 
of  Pondicherri,  whilst  a  very  small  exposure  of  them  occurs  close  to  the 
coast  ten  miles  north  of  Po.ndicherri,  and  another  still  smaller  three  miles 
farther  north. 

The  lowest  fossiiiferous  zone  is  found  resting  upon  the  Trichinopoli 
beds,  throughout  the  western  portion  of  the  Ariyalur  area  in  the  Trichinopoli 
district,  and  the  same  zone  appears  to  be  also  represented  in  the  Virud- 
dhachalam  and  Pondicherri  exposures.  The  great  bulk  of  the  outcrop  in 
all  three  tracts  appears  to  consist  of  the  thick  sands,  with  but  few  deter¬ 
minable  fossils,  forming  the  middle  portion  of  the  formation,  whilst  the, 
upper  fossiiiferous  beds  are  only  seen  north  of  Ariyalur,  near  the  villages  of 
Sahithoray,  Niniyur,  and  other  places  farther  north,  in  the  long  strip  of 
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cretaceous  rocks  which  forms  the  north-eastern  extremity  of  the  Trichino- 
poli  area. 

Although  the  thickness  of  the  Ariyalur  group  can  be  estimated  with  a 
nearer  approach  to  probability  than  in  the  case  of  the  two  lower  creta¬ 
ceous  formations,  the  estimate  is  still  far  from  accurate.  The  dip  of  the 
beds  is  very  low,  rarely  exceeding  two  or  three  degrees,  the  general  incli¬ 
nation  being  north-east,  and  the  whole  of  the  beds  in  all  probability  do  not 
exceed  1,000  feet  in  Trichinopoli.  Near  Viruddhdchalam  they  appear  to 
be  very  thin,  and  in  the  neighbourhood  of  Pondicherri  they  are  too  obscurely 
exposed  for  any  estimate  of  their  thickness  to  be  Attempted.  There  is  an 
apparent  diminution  of  thickness  to  the  northward,  as  in  the  other  groups,, 
but  this  attenuation  appears  to  be  greatest  near  Viruddhdchalam,  and  takes 
place  less  rapidly  farther  north,  even  if  the  beds  are  not  thicker  in  that 
direct’ on. 

Ti  ;  Ariyalur  beds,  as  has  been  already  stated,  frequently  appear  to 
pass  ito  the  Trichinopoli  group  at  their  base.  They  overlap  the  lower 
groups  however,  both  to  the  north  and  south,  and  there  is,  in  places,  an 
appearance  of  unconformity  where  they  rest  upon  the  Trichinopoli  beds, 
nor  is  it  easy  to  understand  the  very  rapid  diminution  in  the  thickness  of 
the  latter  to  the  northward  without  supposing  that  they  had  been  partially 
denuded  in  pre-Ariyalfir  times. 

As  was  noticed  in  the  description  of  the  Utatur  group,  the  Ariyalur 
beds  rest  upon  the  Utaturs  for  a  distance  of  rather  more  than  two  miles 
in  the  northern  part  of  the  Trichinopoli  area,  and  still  farther  north  the 
former  were  deposited  directly  on  the  gneiss.  They  also  rest  on  the 
gneiss  throughout  the  whole  breadth  of  their  outcrop  in  the  south  of  the 
Trichinopoli  area,  and  in  the  Viruddhdchalam  cretaceous  tract,  whilst  in 
the  neighbourhood  of  Pondicherri  they  are  deposited  to  the  eastward  on 
the  Valudayur  representatives  of  the  Utatur  group,  and  to  the  westward 
no  beds  are  seen  beneath  them,  the  Cuddalore  sandstones  'covering  the 
boundary  completely.  Throughout  the  Trichinopoli  and  Viruddhachalam 
areas  the  Ariyalur  beds  disappear  to  the  eastward  beneath  the  Cuddalore 
sandstones,  which  are  unconformable  to  the  cretaceous  beds,  and  the  latter 
are  covered  up  by  alluvial  deposits,  intervening  between  the  three  areas, 
in  the  valleys  of  'the  Vellar  and  Penner  rivers,  and  also  to  the  north  of 
the  Pondicherri  area. 

The  Ariyalur  h  ,ds  appear  to  have  been  chiefly -deposited  in  a  tranquil 
sea  of.  small  depth,  although  the  deposits  are  less  characteristically  lit¬ 
toral  than  those  of  the  Trichinopoli  group,  and  the  evidence  of  the 
neighbourhood  of  land  afforded  by  the  occurrence  of  fossil  wood  is  less 
abundant. 

The  invertebrate  fauna  of  the  Ariyalur  group  exceeds  in  richness  even 
that  of  the  Utatur  beds,  no  less  than  365  species  having  been  detected 
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in  tile  uppermost  subdivision  of  the  cretaceous  rocks  of  Southern  India. 
The  Cephalopoda  comprise  36  species,  Gasteropoda  138,  Lamcllibran- 
ehiata  117,  Brachiopeda  12,  Bryosoa  23,  Echmodermatn  26.  Anthozoa 
10,  Foraminifera  1,  and  Vermes  2.  It  is  highly  probable  that  this  large 
number  may  be  due  partly  to  the  circumstance  that  the  Ariyaiur  deposits 
comprise  two  groups  differing  somewhat  in  age.  The  lower  fossiliferous 
beds,  from  which  the  bulk  of  the  fossils  have  been  procured,  correspond 
very  fairly  with  the  senonian  beds  of  France  and  the  upper  chalk  with 
flints  of  England.  From  this  horizon  all  the  Cephalopoda  found  in  the 
formation  have  been  derived,  with  the  exception  of  Nautilus  d aniens, 
which  was  only  observed  in  the  upper  beds  of  Niniyur,  etc.,  in  the  Tri- 
chinopoli  area,  although  some  specimens  were  obtained,  apparently  from 
a  lower  horizon,  near  Pondicherri.  The  fauna  of  these  upper  beds  will 
be  noticed  separately  ;  the  following  remarks  apply  to  the  remainder  of 
the  group.  ' 

In  the  Ariyaiur  beds,  as  In  the  lower  subdivisions,  there  are  some  forms 
of  Cephalopoda  which  are  in  Europe  characteristic  of  older  beds. 
These  comprise  two  gault  species  of  Nautilus,  N.  bouchardianus  and 
N.  clementinus.  Ammonites  menu ,  found  also  in  the  lower  groups,  and 
belonging  to  the  Jurassic  section  of  armaii,  A.  velledce,  a  lower  and 
middle  cretaceous  form  in  Europe,  two  macrocephali,  A.  deccanensis ,  and 
A.  arriaioorensis ,  and  one  of  the  Planulati ,  A.  theobatdianus.  Very  few 
older  forms  occur  in  the  other  classes  of  mollusca,  and  the  great  majority 
of  the  species  common  to  Europe  are  found  in  the  upper  cretaceous  beds 
of  England,  France,  and  Germany. 

The  most  striking  peculiarity  of  the  Ariyaiur  fauna  is  the  great  abun¬ 
dance  of  Gasteropoda,  and  especially  of  the  carnivorous  prosobrancliiate 
forms,  which,  as  is  well  known,  appear  to  replace  the  Cephalopoda  of  the 
older  periods  in  tertiary  and  recent  seas.  Several  genera  not  previous  . 
lv  known  from  cretaceous  beds  have  been  detected  in  the  Ariyaldr  group, 
and  the  Cypraidm  and  Volutidm  are  especially  well  represented.  The 
L a mellib ra nchiata  are  also  very  numerous,  whilst  all  the  Bryosoa  and 
the  great  majority  of  the  Ech inodermata  hitherto  found  in  the  cretaceous 
beds  of  Southern  India  have  been  obtained  from  the  highest  subdivision. 
Lower  forms  of  animals  are  but  poorly  represented.  Amongst  the  Verte¬ 
bra  ta  the  only  important  species  is  a  Uegalosaurus , 1  of  which  a  tooth 
was  found  in  the  middle  beds  of  the  deposit,  together  with  a  number  of 
bones,  which,  however,  could  not  be  extracted  in  a  sufficiently  perfect’ 
state  for  determination.  The  tooth  closely  resembles  that  of  M.  buck- 
land  i,  found  in  the  Stonesfield  slate  and  Portland  oolites  of  England,  and 
the  occurrence  of  this  genus  in  the  upper  cretaceous  beds  of  India  is-  of 

'Memoirs,  IV,  1 28,  139,  186  j  —  Records,  X,  41,  (1877).  •  V 


ariyalGr  fauna. 


243 


Chap.  X.] 

peculiar  interest,  because  it  only  ranges  from  the  lias  to  the  wealden 
in  Europe.  In  this  instance,  as  in  several  others,  the  land  fauna  appears 
to  have  differed  more  from  that  which  inhabited  distant  parts  of  the  earth 
than  the  marine  fauna  did. 

1  he  fauna  of  the  uppermost  Ariyalur  beds  found  at  Niniyu’r  and  other 
places  to  the  north-east'of  Ariyalur,  comprises  very  few  species  which  are 
found  in  the  lower  portion  of  the  group.  Some  of  the  fossils  found  most 
aburfdantly,  such  as  Nautilus  danicus  and  Orbiloides  faujasi ,  are  charac¬ 
teristic  of  the  uppermost  cretaceous  deposits  of  Maestrich,  Aix  la  Chapelle, 
and  the  Danish  Island  of  Rugen  (Danien'  of  D’Orbigny).  No  other 
Cephalopod  except  Nautilus  danicus  occurs  in  the  Niniyur  beds,  whilst  the 
characteristically  mesozoic  genera  Inoceramus ,  Radiolites,  Trigonia,  Tri- 
gonoarca ,  and  Leptomaria ,  which  are  abundantly  represented  in  the  lower 
portion  of  the  Ariyaldr  group,  are  entirely  wanting  in  the  uppermost  fossili- 
ferous  zone,  where  the  only  important  mesozoic  genus  is  Nerinsea.  On  the 
other  hand,  however,  no  typically  tertiary  forms  make  their  appearance 
except  carnivorous  Gasteropoda,  and  these  are  not  more  numerous  in 
proportion  than  in  the  lower  zone,  although  some  additional  forms  are 
represented. 


Besides  the  fossils  characteristic  of  each  group,  there  area  few  species 
which  are  found  throughout  the  whole  series.  The  most  important  of  these 
are  Nautilus  huxleyanus,  Ammonites  planulatus  (cenomanian,  gault), 
Ampullina  bulbiformis  { turonian,  senonian),  Gyrodes  pansits,  Solariclla 
radiatula  (senonian),  Vola  quinquecostata  (upper  and  middle  cretaceous), 
Ammonites  menu ,  Forbes,  is  also  supposed  to  be  found  in  all  three  sub¬ 
divisions,  although  there  is  some  doubt  about  the  Utatiir  beds,  and  a  rare 
Lucina,  L.  ( Myrtea )  arcotina ,  has  also  been  procured  from  all  the  groups. 
Some  of  these  fossils,  although  found  throughout  the  series,  are  especially 
characteristic  of  one  subdivision,  as  in  the  cases  of  Nautilus  huxieyamts 
and  Solariella  radiatula. 

A  large  number  of  forms  are  common  to  two  groups.  The  table  on 
page  245  exhibits  the  number  of  each  class  of- Invertebrate  found  in 
the  different  formations,  and  the  proportion  found  also  in  Europe,  or 
common  to  two  or  more  groups.  The  Vertebrate  are  represented  by  17 
species  of  fishes  and  one  saurian,  but  the  remains  arc  of  the  most  frag¬ 
mentary  description,  consisting  in  most  cases  of  single  teeth,  and  it  is  not 
certain  from  which  group  some  of  the  specimens  were  originally  derived. 

Adding  these  few  vertebrata  to  the  numbers  given  in  the  table,  we 
have  a  grand  total  of  nearly  Soo  species  ol  animals  from  the  cretaceous 
deposits  of  Southern  India.  Much  time  was  devoted  to  the  collection  0!  the 
fossils,  and  their  exhaustive  examination  by  Dr.  Stoliczka  has  furnished  the 
best  evidence  extant  for  the  correlation  of  any  Indian  fossil  fauna  with  that 
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beds  near  Sripcrmatiir.1  The  origin  of  these  boulders  could  not  be  traced,  . 
and  the  fossils  cannot  now  be  found  ;  amongst  the  forms  obtained  were 
four  or  five  species  of  A mmonites,  some  Belemnites^  etc. 

As  will  be  presently  shown,  there  is  a  great  difference  between  the 
fauna  of  the  cretaceous  rocks  in  Southern  India  and  that  ’  of  the  -  deposits 
of  similar  age  on  the  Narbadi,  but  on  the  other  hand  many  of  the  fossils 
of  the  Trichinopoh  area  are  found  in  the  cretaceous  rocks  of  the  KMsi  hills,  - 
to  the  north-east  of  Bengal,  between  Assam  and  Syihet.  So  many-  species 
indeed  are  common  to  the  Trichinopoli  and  KMsi  deposits  that  it  is  prob¬ 
able  that  the  two  regions  were  part  of  the  same  marine  area.  The  creta¬ 
ceous  rocks  of  the  Khdsi  hills  are  almost  unquestionably  identical  with 
those  extending  throughout  the  hill  ranges  south  of  Assam  and  the  same 
strata  are  probably  represented  in  Arakan.  The  description  of  there  rocks 
will  be  best  deferred  to  a  subsequent  chapter,2  but  the  palaeontological 
results  may  be  noticed  here. 

In  a  small  collection  of  fossils  Dr.  Stoliczka8  recognised  the  following 
species.  The  highest  fossiliferous  band,  about  200  feet  below  the  edge 
of  the  cliff  at  Maosmai,  a  coarse  sandy  limestone,  contains  small  Lamel-  ■ 
libranchiata ,  a  Celiepora,  and  echinoderms  ;  a -finer  ro.ck  is  principally 
made  up  of  an  Astrocasnia,  allied  to  A,  decap hylla. 

From  about  the  middle  of  the  series,  above  Mahadeo,  in  a  stream  under 
Laisophlang,  in  a  soft,  ochreous,  glauconitic  sandstone  these  fossils  were- 
found  : — 

Phasianella. 

Tmritella. 

Euspira. 

Dentalium, 

Jcnira ,  near  y.  fleur/cusiana. 

Spondylus  striatus. 

Modiola  typiea. 

T.  Cardita  jaqninoti  (orbicularis)  . 

Card  turn.  ■ 

Terebrntulu,  near  T.  cameo. 

Turbinolia.  ' 
ffemi  aster. 

Idolater 
Brissus. 


Nautilus  (!  N.  degans). 
Nautilus ,  with  a  central  siphon  ; 

U.T.  A  Ammonites  plamilatus. 

U.  „  Bispar. 

U.  „  arbignyanus. 

A.  „  1  pnei ficus. 

■0.  Anisoceras  indieum. 

!J.  „  subeoviprcssum. 

U.  A.  BacuUies.  near  B ■  vagina. 

T.  A.  Atari  a  papilionacen. 

T.  A.  Rosielluria  palliata. 

T.  Gosavia  indiea. 

T.  A.  Cerithi-um  inauguratum. 

T.  Trilonidea  ■requieitiana, 

T.  Hemifnsus  eineitiS. 


The  facies  of  this  group  rather  resembles  that  of  the  Utatur  beds  of 
Southern  India, 


1  Memoirs,  X,  6i,  (1873).  1  the  lists  the  letters  U,T,  A  prefixed  signify  that 

2  Infra,  p.  295.  j  the  species  is  found  in  the  Utatur.  Trichinopoli.,  . 

s  Stoliczka,  Memoirs ,  VII,  1S1,  (1869)  ;  in  i  end  Ariyalur  groups  respectively.  , 
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From  the  well  known  fossil  locality  about  two  miles  from  Tharia,  on  the 
fourth  crosscut  taken  by  the  footpath  between  the  zigzags  of  the  road 
to  Cherra  Punji,  or  the  first  below  the  Devil’s  Bridge,  the  following  were 
named  : — 


A.  Nautilus  Icevigatus 
U.  A.  Bacalites  vagina. 

A  Cyprasa  globulina. 

U.  *  „  pilulosa. 

T.  A.  Rosiellaria  pnUiata. 

T.  A,  Alaria  tegulata. 

T.  „  glandina. 

A.  Lyric,  crassicostat.i. 

A,  Volutilithes  septemcostatn 
f.  Tritonidea  requieniana. 

T.  Lathirus  reassn. 

A.  Pseudoliva  snbcos/nta. 

A.  Turritella  pondicherriensis. 
T.A.  „  multistriata. 

U.  A.?  Mitreola  citharinn. 

A.  Euspira  lirata. 


T,  A,  Gyrodes  pansns. 

A.  Gibbula  granulosa, 

A.  Nerita  divaricate. 

A.  Euptycha  larvata. 

A.  Acta-on  carcii lio. 

Pecten  septemplieatus. 

Janira  qnadricostata. 

A.  Gryphcea  vesieularis. 

Spondylus  striatus. 

Pecten,  near  P.  rugosus. 

T,  Rhynconella  contpressa. 

Tersbratula,  sp.,  probably  T.  bipli- 
cata  and  T.  carnea. ' 

Andnehytes  h  several  species,  but 
[distinct  from  any  de- 
Erissus  'scribed,  . 


Nearly  all  the  fossils  of  this  list  occur  also  in  the  Ariyalur  group  of 
Southern  India,  but  there  are  a  number  of  species  in  the  Tharia  beds 
which  appear  to  be  peculiar,  and  most  of  them  new.  It  may  be  worth  re¬ 
cording  that  the  observer  who  collected  these  fossils  considered  the  latter 
locality  to  be  lower  in  the  series  than  the  former,  which  would  be  remark¬ 
able,  if  true,  seeing  that  the  Ariyalur  group  is  newer  than  the  Utatur. 


Before  quitting  the  subject  of  the  Triehinopoli  and  Assam  cretaceous 
beds,  it  is  necessary  to  notice  the  very  remarkable  resemblance  between 
a  portion  of  their  fauna  and  the  species  found  in  certain  strata  in  South 
Africa.1  In  the  description  of  the  Gondwdna  system,  and  again  in  the  ac¬ 
count  of  the  upper  jurassic  beds  of  Cutch,  the  remarkable  affinities  between 
Indian  fossil  plants  and  animals  and  the  forms  found  in  South  African  beds 
were  repeatedly  noticed,  and  there  is  a  similar  connection  between  the 
cretaceous  formations  in  the  two  regions.  In  some  deposits  found  resting 
upon  the  Karoo  beds  on  the  coast  of  Natal,  22  out  of  35  species  of  mollusca 
and  echinodermata  collected  and  specifically  identified,  are  identical  with 
forms  found  in  the  cretaceous  beds  of  Southern  India,  the  majority  being 
Triehinopoli  species.  Amongst  the  South  African  fossils  are  some  of 
the  commonest  and  most  characteristic  fossils  of  the  Southern  Indian  creta¬ 
ceous  deposits,  namely  Ammonites  gnrdeni  (Ariyalur),  A.  kayci  (Utatur) 

1  C.  L.  Griesbach,  Quart,  your.  Gad.  Soc.,  I  described  by  Buily,  Quart.  Jour-,  Gcol.  See, 
XXVII,  Co,  11871).  Some  of  the  fossils  were  J  XI,  454,  (1855). 
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Anisoceras  rugalmn  (Utaluf),  Pngvcllus  mica  Ins'  (Trichinopoli),  Pas- 
cioitirin  ngida  (Tricli inopoli) .  Chcmviteia  undosa  (Trichinopoli),  Kn- 
ilirysaiis  gigantca  (1  richinopoli  and  Ariyalur),  Solariclla  radiahila  (all1 
three  groups),  Avcllnna  ampler  (Trichinopoli),  Turrilclla  multiHriatii 
(Trichinopoli  and  Ariyaliir),  Pecten  (Vola)  qttinquecesliiitts  -(all  three 
groups)  and  Cardium.  hiilamnn  (TrichinopoH  group).  There  is  also  some 
slight  indication  of  a  representation  of  the  different  Indian  zones. 

From  the  cretaceous  rocks  of  Madagascar  six  species  of  cretaceous 
fossils  were  examined  by  Mr.  R.  B.  Newton  1  in  1889,  of  which  three,  Alec- 
tryenia  {Oslrea)  ungulaiit,  A.  pectinata  and  Gryphtva  vesicularh  are  also 
iound  in  the  Ariyalur  group,  the  other  three  species  being  typical  neo- 
comian  belemuites,  from  a  different  locality  and  evidently  from  rocks  of  an 
older  date. 

The  South  African  beds  are  clearly  coast  or  shallow  water  deposits 
]ike  those  of  India;  the  great  similarity-  of  forms  certainly  suggests 
continuity  of  coast  line  between  the  two  regions,  and  thus  supports  the 
view  that  the  land  connection  between  South  Africa  and  India,  already 
shown  to  have  existed  in  both  the  lower  and  upper  Gondwina  periods, 
was  continued  into  cretaceous  tiroes.  It  is  very  surprising  to  compare 
the  middle  cretaceous  fauna  of  Southern  India  with  that  of  (he  distant 
beds  of  Natal,  and  then  with  the  widely  differing  forms  found  in  beds  of  the 
same  age  in  central  India  and  southern  Arabia, 


Fiie  marine,  cretaceous  formations  found  in  the  western  portion  of  the 
Narbada  valley  have  been  commonly  known  as  Magi)  beds,  from  the 
town  of  Bdgii,  situated  about  00  miles  west  i*v  south  of  Indore  and  35 
miles  west-south-west  of  Dbdr.  The  town  is  not  on  cretaceous  rocks, 
'hough  they  are  well  developed  in  the  neighbourhood.  The  occurrence  of 
cretaceous  fossils  near  Bagh  was  discovered  by  Colonel  Keatinge  5  in  185O, 
but  the  existence  of  fossiiiferous  limestone  in  this  part  of  the  Narbadd 
valley  had  been  known  for  a  long  time,  although  the,  exact  locality  had 
not  been  ascertained.  The  circumsfauufi  that  blocks  of  limestone,  con¬ 
taining  fragments  of  Bryocoa  and  other  fossils,  had  been  employed-  in 
building  the  houses  of  Mrinuogarh,  a  city  now  in  ruins  about  twenty  mites 
south  of  Dbar,  first  atUncted  attention,  and  it  was  mainly  owing  to  an 
ingenious  and  happy  suggestion  by  Dr.  Carter1,  that  attention  was  atti act¬ 
ed  to  the  neighbourhood  of  Brigli.  where  limestone  had  been  observed  in 
iSrb  by  Captain  Dangerfkkl. 

t  Cue-  it  Jour.  Gen!.  See..  XLV,  UP89).  j  5  'Jnnr.  Bum.  Bt .  Rr.y.  Ac.  Sec.,  V,  23$,  (1857), 

“  'Jutir.  As.  Sec.  Br-nie.,  XX  VI!,  1 16.  (18,58;,  {  (>c.-In^kn!  papers  on  Wcstrhi  India,  t>.  685. 
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The  cretaceous  rocks  of  the  lower  Narbadd  valley1  occur  chiefly  along 
the  edge  of  the  Deccan  traps,  and  intervene  between  the  latter  and  the 
metamorphic  rocks.  West  of  Bagh  the  outcrop  of  the  cretaceous  beds 
may  be  traced  with  a  few  interruptions  to  the  neighbourhood  of  Baroda. 
East  of  Bdgh  they  only  occur  in  places  around  the  inliers  of  older  rocks. 

As  a  general  rule,  the.Bdgh  beds  are  composed  of  a  calcareous  rock 
above  and  of  sandstone  below,  but  the  character  of  each  portion  of  the 
formation  varies.  Commencing  to  the  eastward,  the  first  place  where 
marine  cretaceous  beds  are  known  to  occur  is  in  the  neighbourhood  of 
Bdrwai.  on  the  Narbadd,  nearly  due  south  of  Indore.  Here  some  con¬ 
glomerates,  more  or  less  calcareous,  and  sandstones  containing  marine 
shells,  represent  the  cretaceous  formation,  and  in  one  place  are  seen  to 
be  distinctly  unconformable  to  an  outlier  of  Mahddeva  conglomerate 
belonging  to  the  upper  Gondwana  series.  From  the  neighbourhood  of 
Bdrtvai  the  whole  Narbadd  valley  is  composed  of  trap  for  nearly  50  miles 
to  the  westward.  Lower  rocks  re-appear  near  Mandogarh,  between 
which  place  and  Bdgh  the  cretaceous  beds  are  found,  forming  a  narrow 
fringe  to  the  traps,  around  several  inliers  of  Bijdwar  and  metamorphic 
rock. 

The  Bdgh  fossiliferous  beds  are  divided  into  three  zones,  all  calcareous 
underlaid  by  a  variable  thickness  of  conglomeratic  and  sandy  beds.  The 
fossiliferous  zones  are  known  as  (1)  the  nodular  limestone,  (2)  the  Deloa 
and  Chirdkbdn  marl,  (3)  the  coralline  limestone. 

The  nodular  limestone  group  is  the  most  extensive  of  the  three,  being 
found  in  all  the  exposures,  but  at  the  eastern  and  westernmost  outcrops 
the  peculiar  nodular  character  is  wanting.  It  is  an  argillaceous,  whitish, 
compact  and  generally  nodular  limestone. 

The  Deola  and  Chirdkbdn  marl  is  a  soft  band,  never  more  than  10  feet 
thick,  which  is  chiefly  interesting  as  having  yielded  the  majority  of  the 
fossils.  The  coralline  limestone  is  the  rock  of  which  Mdndogarh  is  built 
it  is  yellow  or  red  in  colour,  and  consists  chiefly  of  small  fragments  ol 
Bryoaoa  shells,  etc.  The  freshly  broken  surface  has  a  somewhat  granular 
mottled  appearance,  and  the  fossils  are  not  conspicuous,  except  on  the 
weathered  surface. 

The  two  upper  groups  do  not  extend  so  far  westwards  as  the  lowest, 
the  most  western  known  exposure  of  the  coralline  limestone  being  at  Umnili, 
near  Ali. 

The  total  thickness  of  these  groups  united  does  not  exceed  60  or  70  feet 
at  its  maximum,  and  they  thin  out  to  the  northwards,  attaining  their  great¬ 
est  thickness  along  the  southern  limit  of  the  exposures- 

The  fossil  fauna  obtained  from  these  beds  is  an  interesting  one,  though 
1  The  inscription  of  these  rocks  is  has  si  j  iG.-j,  (t86,,),  ami  P.  N.  Bose,  .hVm.ms,  XXI, 
principally  on  W.  T.  Blnnfor.l,  i Wu,  VI.  >  35,  (iSS4i. 
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traceable  for  great  distances,  and  due  to  the  outcrop  of  the  harder  basaltic 
strata,  or  of  those  beds  which  resist  best  the  disintegrating  influences  of 
exposure.  In  some  parts  of  the  area  great  scarps  are  found,  some  of  those 
in  the  Sahyddri  range  being  4,000  feet  in  height,  all  conspicuously  banded 
-with  horizontal  terraces. 

The  vegetation  of  the  trap  atea  differs  no  less  conspicuously  from 
that  which  is  found  on  other  formations,  the  distinction  in  the  dry 
season  being  so  marked  that,  especially  when  taken  in  connection  with 
the  form  of  the  surface,  it  enables  hills  and  ranges  of  trap  to  be  dis¬ 
tinguished  at  a  distance  from  those  composed  of  other  rocks.  The 
peculiarity  consists  in  the  prevalence  of  long  grass  and  the  paucity  of 
large  trees,1  and  in  the  circumstance  that  almost  all  bushes  and  trees, 
except  in  the  damp  districts  near  the  sea,  are  deciduous.  The  result  is 
that  the  whole  country  presents,  except  where  it  is  cultivated,  a  uniform 
straw  coloured  surface,  with  but  few  spots  of  green  to  break  the  monotony 
during  the  cold  season,  from  November  till  March,  whilst  from  March, 
when  the  grass  is  burnt,  until  the  commencement  of  the  rains  in  June, 
the  black  soil,  black  rocks,  and  blackened  tree  stems  present  a  most  re¬ 
markable  aspect  of  desolation.  During  the  rainy  season,  however,  the 
country  is  covered  with  verdure,  and  in  many  parts  it  is  very  beautiful, 
the  contrast  afforded  by  the  black  rocks  only  serving  to  bring  into  relief 
the  bright  green  tints  of  the  foliage. 


Throughout  the  trap  area  the  prevailing  rock  is  some  form  of  dolerite 
or  basalt,  but  there  is  a  large  amount  of  variety  in  the  characters 
presented  by  different  beds.  Some  are  excessively  compact,  hard,  and 
homogeneous,  the  crystalline  structure  being  so  minute  as  to  be  de¬ 
tected  with  difficulty  (anamesite),  others  are  coarsely  crystalline,  and 
these  frequently  contain  olivine  in  considerable  quantities,  and  one  variety 
is  porphyritic,  containing  large  tabular  crystals  of  glassy  felspar,  white 
or  green  in  colour.  Many  of  the  basalts  again  are  soft  and  earthy,  evi¬ 
dently  in  most  cases,  and  probably  in  all,  from  partial  decomposition. 
The  most  striking  peculiarity  is,  perhaps,  the  great  prevalence  of  amyg¬ 
daloid,  in  which  the  nodules,  chiefly  containing  zeolite  or  agate,  sometimes 
form  the  principal  part  of  the  rock.  These  nodules  are  very  often  coaled 
with  glauconite  {green  earth),  and  the  prevalence  of  tins  mineral  is  highly 
characteristic.  Almost  throughout  their  range,  the  Deccan  traps  may  be 
recognised  by  the  occurrence  of  the  amygdnloidal  basalts  with  green  earth, 
or  of  the  porphyry  with  crystals  of  glassy  felspar. 
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generally  weather  oat  on  exposed  surfaces  and  remain  in  relief,  precisely 
as  on  old  volcnnic  cones.  Magnificent  examples  are  to  be  seen  on  most 
of  the  higher  portions  of  the  Saliyidri  or  Western  <■  hits  and  on  the 
high  peaks  around  Poona,  formerly  used  as  hill  forts ;  well  marked 
instances  occur  also  in  Bombay  and  Suisette.1  Very  frequently  a  thin  bed 
of  ash  intervenes  between  two  basaltic  flows.  Occasionally  pumice  is 
found  in  the  ash  beds,  the  interstices  being,  however,  all  filled  up  by  the 


solid  a  ted  volcanic  mud,  composed  of  fine  lapilli  washed  down  and  deposited 

No  crjstallised  pyroxene  has  been  observed,  except  locally  in  some 
of  the  ash  beds,  and  the  only  felspar  which  occurs  in  distinct  crystals 
appears  to  be  the  nrfin  of  orthociase  {gassy  felspar)  which  is  found  in 
the  porphyritic  rock  already  mentioned.  Olivine  and  magnetite  are  com- 


I.CGY  CF 


I  A— DECCAN  'f  RAP, 


[Chap  XL 

but  casifv  detected,  if  abundant,  by  the  effect  of  the  rock  upon  the 
magnetic  needle.  Magnetic  iron  sand  derived  from  tire  traps  is  fre¬ 
quently  found  in  the  streams  which  traverse  the  rocks.  With  the  tabular 
felspar  crystals  small  scales  of  red  mica  are  found. 

Secondary  minerals  of  various  kinds,  which  have  been  formed  s: nee  the 
consolidation  of  the  volcanic  strata,  are  found  in  the  greatest  abundance 
iii  some  of  the  flows,  especially  in  the  amygdaloidal,  and  in  some  .of  the 
more  earthy  and  decomposed  traps.  These  minerals  not  only  form 'the 
nodules  of  the  amygdaloid,  but  they  are  found  lining  cracks  and  hollows, 
the  finest  crystals  being  always  in  geodes  or  cavities,  some  of  which  are 
as  much  as  two  or  three  feet  across,  and  even  larger  hollows  lined  with 
crystals  are  said  to  have  been  found.  The  commonest  minerals  are 
quaitz  (either  crystalline  or  in  the  form  of  agate,  bloodstone,  jasper,  etc.,) 
and  stilbite,  next  in  abundance  are  apophylbte,  henlandite,  scolccite 
(poonahlite',  laumonite  and  ealcite;  thomsonite,  epistilbite,  prehuite  and 
chabasite  also  occur,  but  they  are  rare.  The  great  prevalence  of  glauconite 
or  green  earth  has  already  been  noticed. 

The  crystalline  quartz  is  occasionally,  though  rarely,  amethystine,;  it 
but  seldom  occurs  in  crystals  which  exceed  an  inch  in  diameter,  and  the 
larger  crystals  are  not  often  transparent.  The  form  known  as  trihedral 
quartz,  in  which  the  terminal  pyramid  of  each  quartz  crystal  consists,  of 
three  planes  instead  of  six,  or  in  which  three  planes  are  very  much  more 
developed  than  the  other  three,  is  of  common  occurrence.  The  agates 
occur  chiefly  in  geodes  or  nodules,  large  and  small ;  many  are  finely 
banded,  and,  after  being  coloured  by  heating,  are  cut  into  ornaments.8 
Jasper  and  heliotrope  or  bloodstone  occur  chiefly  in  flat  plates,  which  . 
appear  to  have  been  formed  in  cracks,  and  agate  is  sometimes  met  wiih 
of  apparently  similar  origin.  Stilbite  is  very  common,  though  less  so 
than  quartz  ;  one  magnificent  variety  consists  of  large  Orange  or  salmon 
coloured  crystals,  often  two  or  three  inches  in  length,  usually  compound  .or 
in  sheaf  like  aggregations,  but  occasionally  in  large  flat  prisms  terminated 
by  a  four  sided  pyramid.  Apophyllite  is  the  linest  of  all  the  Deccan  trap 
minerals.  It  generally  occurs  in  four  sided  prisms  with  terminal  planes, 
a  form  which  closely  resembles  the  cubical  crystals  of  the  Isometric  sys¬ 
tem,  the  double  pyramid,  with  replacements  of  the  secondary  prismatic 
Saces  arid  terminal  planes,  so  characteristic  of  this  mineral  in  other  locali¬ 
ties,  being  chiefly  typical  of  small  crystals  in  the  Deccan  traps.  The 

'  Two  oilier  mineral  species  besides  poottah-  j  Jottr.Sci.,  2nd  series,  XL  J  10,(1865)15  stilbite, 

One  of  these  is  hislopite,  Haughton,  Phil.  Mug.,  !  s  Most  of  the  stones  cut  for  ■ornaments  are 
4th  series,  XVII,  16,^1859),  which  appe.trs  !  either  procured  from  rivers  or  from  the  ter- 
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colour  of  the  Deccan  apophyllifce  is  usually  white,  more  rarely  pink  or 
green,  some  crystals  are  perfectly  transparent,  and  one  of  the  most  mag¬ 
nificent  associations  of  minerals  to  be  found  anywhere  is  seen  when,  as 
occasionally  happens,  perfectly  clear  vitreous  crystals  of  apophyllite,  of 
large  size,  are  inserted  on  a  mass  of  orange  stilbile.  Some  apophyllite 
crystals  are  as  much  as  three  or  four  inches  across.  The  other  minerals 
are  less  deserving  of  notice,  but  very  beautiful  long  acicular  crystals  of 
scdecite  with  exquisitely  formed  pyramidal  terminations  are  of  occasional 
occurrence,  and  fine  crystals  of  white  heulandite  are  not  unfrequent.  The 
glauconite  is  usually  amorphous,  but  occasionally  forms  an  aggregate  of 
crystalline  scales,  and  a  massive  mineral,  which,  if  not  green  earth,  is 
closely  akin  both  in  appearance  and  composition,  occasionally  occupies 
small  cavities  completely. 


One  of  the  most  remarkable  characters  of  the  Deccan  traps  is  their 
persistent  flatness  or  near  approach  to  horizontality  throughout  the  greater 
portion  of  their  area.  This  is  conspicuous  throughout  the  Sahyddri  range, 
over  the  whole  of  the  Bombay  Deccan,  from  Khandesh  to  Belgaum  and 
Sholdpur,  throughout  southern  Berar  and  the  north-western  portion  of 
the  Haiderabad  territory,  in  many  parts  of  the  Satpura  range  between  the 
Narbadd  and  Tapti,  and  on  the  Mdlwd  plateau  north  of  the  Narbada. 
Where  exceptions  occur,  as  in  the  western  Safpura  and  Rdjpipla  hills 
and  along  the  coast  near  Bombay,  the  disturbance  is  shown  to  be  of  later 
date  from  its  affecting  contemporaneous  or  newer  beds  of  sedimentary 
origin.  The  only  departure  from  absolute  horizontality  to  be  seen  in  the 
lava  flows  of  the  Deccan  is  frequently  no  more  than  may  be  due  to 
the  lenticular  form  of  the  beds,  but  usually  there  is  a  very  low  dip 
discernible,  seldom  exceeding  i°,  and  fairly  constant  over  large  areas. 
This  circumstance  tends  to  show  that  even  this  small  amount  of  inclina¬ 
tion  may  be  due  to  disturbance,  because  if  the  dips  represented  the  origi¬ 
nal  angle  at  which  the  lava  flows  were  consolidated,  they  would  be  found 
to  radiate  from  the  original  volcanic  vents.  Nothing  of  the  kind  has, 
however,  been  traced. 

The  separate  lava  flows  are,  as  4  rule,  of  no  great  thickness.  The 
average  in  the  two  sections  of  the  Bhir  and  Thai  Gbits,  measured  on  the 
railway  lines,  is  apparently  64  and  87  feet  respectively,  but  really  less, 
because  the  distinction  between  the  flows  can  in  most  cases  only  be  re¬ 
cognised  by  lithological  characters,  and  where,  as  must  frequently  be  the 
case,  two  or  more  beds  of  similar  appearance  and  composition  occur  toge¬ 
ther,  they  must  often  be  confounded  and  measured  as  one.  Many  of  the 
more  amygdaloidal  beds  appear  to  be  made  up  of  several  smaller  flows  from 
six  to  ten  feet  thick,  distinguished  by  being  highly  amygdaloidal  above, 
less  so  in  the  middle,  and  traversed  towards  the  base  by  long  cylindrical 
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vertical  pipes  Idled  wilh  zeolite.1 2 3 4 5 * *  But  even  supposing  that  these  appa¬ 
rent  distinctions  are  accidental,  some  well  marked  crystalline  flows  in  each 
section  do  not  exceed  15  feet  in  thickness. 


Hitherto  only  the  igneous  portion  of  the  Deccan  series  has  Been  de¬ 
scribed,  but.  volcanic  rocks,  although  they  form  the  great,  mass  of  the  for¬ 
mation,  do  not  compose  it  exclusively,  for  sedimentary  bands, 'frequently 
fossiliferous,  have  been  found  in  several  places  inter. strati  lied  with  'the 
lava  flows,  and  have  become  widely  known  and  described  as  intertrap- 
pean  beds.  Thera  is  also  found  in  many  places,  at  the  base  of  the  whole 
series,  a  small  group  of  limestones,  sandstones  and  days,  known  as  flu; 
Lameld  group,  from  its  occurrence  at  LametT  Ghat,  on  the  Narbadd,  near 
Jabalpur. 

The  intertrappean  beds  have  been  found  in  two  distinct  portions  of  the 
Deccan  series,  first  close  to  the  base,  throughout  the  greater  portion  of  the- 
enormously  extensive  circuit  of  the  Volcanic  area,  and,  secondly,  in  the 
highest  portion  of  the  traps,  only  known  to  occur  close  to  the  coast  in 
Bombay  Island  and  the  immediate  neighbourhood.8'  A  rough  classification 
of  the  whole  series  is  presented  in  the  following  sections: — ■ 


1.  Upper  traps,  with  numerous  beds  of  volcanic  ash  and  the 

intertrappean  sedimentary  deposits  of  Bombay  .  .  1,500 

2.  Middle  traps,  ash  beds  numerous  above  but  less  frequent  - 

towards  the  base,  no  sedimentary  beds  known  .  ,  4,000 

3.  Lower  traps,  with  intertrappeans  of  Nagpur,  Narbada 

valley,  etc.,  volcanic  ash  of  rare  occurrence  or  wanting  .  500 

4.  Lameld  or  infratrappean  group  .  .  .  ,  .  20  to  100 

The  whole  thickness,  as  will  be  shown  presently,  is  probably  consider¬ 
ably  greater  than  6,000  feet  in  the  neighbourhood’  of  Bombay,  but  the 
rocks  gradually  thin  out  in  other  directions.  At  Bombay  the  upper  limit  of 
the  series  is  not  seen.  It  is  highly  probable  that  near  Surat  and  Baroda 
the  trap  may  have  been  even  thicker  than  near  Bombay,  but  the  «pper 
portions  have  been  greatly  denuded,  and  it  is  extremely  difficult  here,, 
as  in  most  other  places,  to  estimate  the  thickness  with  any  accuracy'. 
In  dutch  the  traps  are  about  2,500  feet  thick,  whilst  in  Sind  they  have 


1  Bearing  in  mind  tliat  amygdaioidal  basalt 
must  have  been  originally  vesicular  Java,  and 
that  what  are  now  nodules  of  quartz  or  zeolite 

were  originally  air  or  steam  bubbles,  it  is  easy 

to  understand  that  the  upper  portion  of  a  la  ea 
flow,  having  been  more  vesicular  originally 
than  the  lower  portion,  would  be  characterised 
by  a  prevalence  of  amygdaloid.  The  verti¬ 
cal  tubes  must  also  have  been  originally  filled 
with  air  or  vapour,  perhaps  expelled  from  the 


underlying  stratum  by  the  heated  mass  flow- 

2  The  reasons  for  considering  the  Bombay 
traps  higher  in  the  series  than  the  others  will 
be  explained  subsequently. 

s  The  thickness  given  is  little  more  than  a 
guess,  except  in  the  case  of  the  lower  traps 
and  Lametas.  The  other  figures  are  minimum 
estimates  of  the  vertical  extent  of  the  series, 
where  fairly  developed.  ' 


presented  by  a  thin  outlier,  in  which  from 


The  Lameti  group  is,  as  a  rule;  singularly  unfossiliferous.  the 
>al  fossils  which  have  been  found  in  it,  consisting  of  some  bones  of 
Dinosaurian  reptile,  Tilanosattrus  indicus ,s  allied  to  Pelorosauru 


at  the  base  of  the  trap  in  one  or  two  other  localities ;  for  iustance,  a  Pain- 
din  a,  apparently  identical  with  P.  deccanensis,  an  intertrappeau  fossil,  was 
found  by  Mr.  Hislop  at  N4gpur,a  Melania  and  Corbicula  have  been  met 
witK  in  infratrappean  beds  near  Ellicbpur  in  Berir,1  and  Phy&a  prinsepii\a 
a  similar  position  at  Tcdihal,  15  miles  norih-nortb-east  of  Kaladgi  in  the 
southern  Malika  country.4  But  it  is  by  r.o  means  clear,  in  those  loca¬ 
lities,  where  fresh  water  shells  are  found  in  beds  beneath  the  trap, 
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nri-  found  here  and  tin-re,  near  the  base  of  the  volcanic  format  ions,, 
and  in  no  case  so  far  as  has  hitherto  been  recorded,  at  a  greater  height 
than  from  three  to  live  hundred  fret  above  .the  base  thin  bands  of  chert, 
limestone,  shale  or  clay,  often  abounding,  in  fossils  of  fresh  water  or 

Perhaps  the  most:  com  man  form  of  the  intertrappean  hands,  or  that 
which  is  most  conspicuous,  is  a  compact,  blackish,  cberty  rock,  a  kind  of 
Jvdkin  stone  It  is  clear  that  this  rock  has  been  originally  a  silt,  and  has 
been  hardened,  either  by  the  outpouring  of  igneous  rock  over  it  or. by 
chemical  infiltration,  the  former  being  the  more  probable,  because  it  very 
frequently  happens  that  the  upper  portion  of  the  bed  only  is  cherry,  the  - 
lower  portion  being  a  soft  earthy  shale.  Other  forms  of  intertrappeau 
bands  are  a  dark  or  pale  grey  limestone,  often  earthy  and  impure,  but 
rarely  gritty,  like  the  characteristic  Lametd  bed.  Not  unfrequently  the 
sedimentary  bed  is  composed  of  volcanic  detritus,  whether  removed  by 
denudation  from  solid  basalt,  or  consisting  merely  of  the  loose  products 
of  eruptions,  such  as  lapilli,  it  is  difficult  to  say.  Red  and  green  clays  or 
bole  are  also  found,  often  associated  with  other  intertrappean  rocks. 

As  a  rule,  the  sedimentary  beds  interstrati  lied  with  the  lava  flows 
are  distinguished  from  those  underlying  the  whole  volcanic  series  by 
the  absence  of  pebbles  and  sand,  but  occasionally,  though  rarely,  sandy  - 
and  even  pebbly  beds  are  found  at  some  distance  above  the  base  of  the  ' 
trap.  In  the  south  Mardthd  country  most  of  the  intertrappean  beds  are 
sandstones  and  conglomerates.  One  peculiar  detrital  form  of  intertrap- 
pcan  accumulation  has  hitherto  only  been  described  from  the '  country 
north  of  the  Narbadd  and  south  of  Chhota  Udaipur  on  the  banks  of  the 
Karo,  a  tributary  of  the  Hiran  river.1  The  lower  beds  cf  the  trap  series 
here  consist,  of  conglomerates,  sandstones,  and  sandy  grits,  sometimes, 
resting  on  a  stratum  of  basalt,  but  occasionally  on  the  Bagh  cretaceous 
beds,  which  underlie  the  volcanic  formations.  Occasionally  the  sandstone 
or  conglomerate  appears  to  be  chiefly  composed  of  detritus  derived  from  ' 
the  metamorphic  rocks,  but  volcanic  fragments,  usually  in  the  form  of 
rolled  pebbles  of  basalt,  can  always  be  found  by  search,  and  in  many 
parts  the  bed  becomes  a  mass  of  rolled  volcanic  fragments,  often  mixed 
with  unrolled  scoria;.  At  times,  indeed,  the  rock  is  a  conglomeratic  ash,’ 
in  which  rolled  fragments  of  metamorphic  rocks  and  of  basalt  occur  to¬ 
gether  Hornblende  and  pyroxene  crystals  have  been  found  in  these 
conglomeratic  ashy  beds,  which  are  in  some  places  as  much  as  200  feet 
thick.  In  some  instances  the  conglomerates  appear  to  have  accumulated 
in  hollows,  like  river  beds,  but  in  any  case  the  abundance  of  rolled  pebbles 
and  boulders  of  trap  is  important  as  a  proof  that  denudation  took  place  in 
the  interval  between  successive  lava  flow's. 


Memoirs,  VI,  327,  (i8S6). 
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Willi  the  exception  of  the  delrilai  accumulations  which  have  jus  I  been 
mentioned,  the  inlcrtrappean  bands  rarely  exceed*  few  feet,  from  three  to 
about  twenty,  in  thickness,  and  they  frequently  do  not  exet  ed  half  a  foot, 
In  many  places  two  or  more  sedimentary  beds  occur  at  different  levels  in 

mineral  character.  Thus,  at  Melcalgandi*  Ghit  in  the  Sichel  hills,  south 
of  the  Pen  Gangd  river,  on  the  old  road  from  Nitgpur  to  Haider, thud,  a 
locality  famous  as  being;  one  of  the  first  at  which  Lhe  inLerlrappean  fossils 
were  detected  by  Malcolinsoii,  the  following  beds  are  observed  in  sec- 
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Land  shells  are  very  seldom  found,  but  they  have  been  detected1  in  one 
case  a!  least.  Entomostracous  crustaceans  are  very  nearly  as  common  as  ■ 
moliusca,  all  hitherto  found  belonging  to  the  genus  Cypris.  The  other  . 
remains  of  animals  hitherto  detected  have  consisted  of  insects,  fishes,  and 
reptiles,  all  of  which  are  fragmentary.  Plant  remains  abound,  but  leaves 
are  rare,  seeds  and  fragments  of  wood  being  more  common  and  the  most  . 
abundant  vegetable  fossils  are  the  seed  vessels  of  Characeat,  of  which  one 
species  has  been  described  under  the  name  of  Chara  malcolmsoni. 

The  plants  have  not  been  described,  with  the  exception  of  the  Chara. 
Those  collected  near  Nagpur  are  said  by  Mr.  Hislop  to  comprise  about 
fifty  species  of  fruits  and  seeds,  twelve  of  leaves,  and  five  kinds  of  woods, 
the  only  forms  mentioned  are  etidogens  and  angiospermous  exogens.  The 
relations  of  the  fossils  will  be  discussed  in  the  sequel,  together  with 
the  fauna  of  the  other  intertrappean  deposits. 

The  whole  of  the  molltisca  and  Crustacea  are  fresh  water  forms ;  no 
marine  species  have  been  detected  associated  with  them,  except,  in  the 
beds  near  Rdjdmahendri,  of  which  a  description  will  be  given  in  the 
next  paragraph.  The  insects  and  plants,  with  the  exception  of  Chara 
a  fresh  water  form,  are  of  terrestrial  origin.  The  general  prevalence  of 
the  pulmoniferous  moliusca  Physa  and  Lymnea  appears  to  indicate  that  the 
water  was  shallow,  as  these  forms  live  partly  at  the  surface.  Cypris,  ton, 
is  commonly  found  in  shallow  marshes. 


The  outcrops  of  trap  near  R4j4.mahe.ndri  are  so  .remote  from  any 
other  exposure  of  the  Deccan  volcanic  series,  being  about  210  miles 
distant  from  the  nearest  point  of  the  great  Deccan,  area,  north* West 
of  S iron chd,  that  some  doubt  would  remain  as  to  the  identification,  despite  ' 
the  similarity  of  mineral  character,  had  not  some  of  the  typical  fresh  water 
fossils  of  the  Deccan  intertrappean  beds  been  discovered  in  the,  Raj4- 
mahemlri  area.  The  R4jamahendri.  outcrops  occur  on  both  banks  of  the 
Godavari,2  and  consist  of  an  interrupted  narrow  band  of  volcanic  rocks, 
chiefly  earthy  dolt-rite  and  amygdaloid  of  the  usual  character,  extending 
altogether  for  about  35  miles  from  east-  north-east  to  west-south-west. 
Traps  are  seen  at  K4teru  on  the  left  bank  of  the  Goddvari  just  north  of 
R4j4mahendri  itself,  and  extend  rather  more  than  ten  miles  to  the  east- 
north-east,  resting  upon  metamorphic  rocks  whenever  lower  beds  are 


'Memoirs.,  II,  213,  {iS$g) ;  several  forms 
were  referrei  to  the  terrestrial  genus  Acha- 
iina.  Some  similar  fossils  from  a  French 
deposit  had  been  placed  in  the  same  genus,  hut 
it  appears  more  probable  that  the  Indian  shells 
are  of  fresh  water  origin  and  belong  to  Lymnea 
or  to  some  allied  type. 

?  The  intertrappean  beds  were  discovered 
originally  by  General  Cullen  and  Dr.  Benza, 


and  collections  of  the  fossils  were  ma d ,  bv 
Lieutenant  Stoddnrt  and  Sir  -W.  Elliot,  and 
described  by  Mr,  Hislop,.  Qn  tre  four'.  GeoL 
Soc.,  XVI,  161,  176,  U860).  The  infratrappean 
band  was  first  noticed  by  Dr.  King,  Records, 
VII,  isg,  (1874),  See  also  Memoirs,  XVI, 
324,  (1880);  Quart.  Jour.  Seot.  Soc.,  X,  4;/,  , 

fiS=4)-  ■  .  . 
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seen.  On  the  right  ha  nit  the  volcanic  rocks  appear  in  two  areas,  divided 
by  small  alluvial  valley :  the  larger  extends  for  about  ten  miles  lo  the 
westward  from  Pungadi,  7  miles  west  of  Rdjamahcndri,  and  the  smaller 
occurs  a  few  miles  still  farther  west  In  these  outcrops  the.  beds  of 
the  volcanic  series  rest  upon  the  RdjmahJ!  rocks  of  the  Ellore  region.  In 
boLli  cases  the  strata  overlying  the  trap  are  Cud  da  lore  sandstones 
and  all  the  beds  alike  have  a  low  dip  to  south  or  south-east.  The  whole 
thickness  of  the  vulcanic  series  at  this  locality,  as  already  mentioned, 
nowhere  appears  to  exceed  about  200  feet,  and  in  places  it  is  not  more 


At  the  base  of  the  traps,  and  inter 


ling  betwe 


1  the  basalt  flows 
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Upon  the  fossiliferous  limestone  described  in  tile  last  paragraphs  a  flow 
of  basalt  is  superposed,  varying  in  thickness  from  about  30  to  about 
100  feet  There  is  an  appearance  of  slight  unconformity  where  the  volcanic 
rock  rests  upon  the  sedimentary  bed,  the  surface  of  the  latter  being  slightly 
uneven,  as  if  denuded,  and  the  upper  fossiliferous  infra trappean  zone  is 
occasionally  wanting.  The  variation  in  thickness  of  the  basalt  stratum 
muy  be  due  to  its  having  been  poured  out  upon  an  uneven  surface,  but  it 
is  not  quite  clear  whether  this  unevenness  was  due  to  disturbance  of  the 
sedimentary  beds  before  the  outburst  of  the  traps.  That  the  denudation 
of  the  underlying  formations  can  have  been  only  partial  is  shown  by  the 
fact  that  they  may  be  traced  between  three  and  four  miles,  the  upper 
portion  alone  being  locally  absent. 

On  the  left  bank  of  the  Goddvari,  near  Rdjdmahendri  itself,  the  in. 
fratrappean  band  has  not  been  observed.  The  thickness  of  the  lower 
flow  of  basalt  cannot  be  clearly  ascertained,  but  it  is  not  less  than  40 
or  50  feet,  and  is  probably  more.  Above  this  lower  flow  on  both  banks  of 
the  Goddvari  there  is  found  a  sedimentary  band,  twelve  to  fourteen  feet 
thick  at  Kiiteru,  where  it  only  extends  for  about  half  a  mile,  and  about  two 
to  four  feet  thick  in  the  Pungadi  direction,  where  it  has  been  traced  for 
about  ten  miles.  The  intertrappean  bed  consists  of  limestone  and  marl, 
portions  of  which  abound  in  fossils.  Numerous  quarries-,  which  have  been 
opened  near  both  Pungadi  and  Kiteru,  hive  afforded  good  opportunities 
for  obtaining  fossils,  which  are  difficult  to  extract  from  the  argillaceous 
limestone  when  it  is  first  quarried  but  weather  out  on  exposure.  About 
30  or  40  feet  above  the  fossiliferous  limestone  of  Kdteru,  another  sedi¬ 
mentary  bed,  consisting  of  yellow  calcareous  shale,  is  seen  iu  one  place. 
It  is  very  thin,  and  no  fossils  have  been  found  in  it. 

The  most  marked  feature  of  this  fauna  is  its  distinctly  estuarine  char¬ 
acter,*  Tympanatonus ,  Pirenella ,  Cerilfiidea  and  Peianrides  an;  all  brackish 
water  forms.  Hydrobia  is  an  estuarine  genus,  and  the  fossil  called  Hemi¬ 
tonia  closely  resembles  a  species  of  Acmrea.  found  living  in  creeks  in  the 
deltas  of  Indian  rivers.  The  shell  described  as  Cerithmm  multiforme  ap¬ 
pears  to  be  a  Tympamtonus  ot  Pirenella}  C.  leithi  has  the  characteristic  form 
and  sculpture  of  a  Cerithidea ,  and  C.  stoddardi  is,  at  least,  as  much  allied  to 
Pot, amides  as  to  Cerithmm  proper.  Some  of  the  shells  referred  to  Cytherea 
agree  best  with  the  typical  forms  of  the  genus  (C.  meretrix),  many- species 
of  winch  abound  ia  backwaters  and  at  the  mouths  of  rivers,  and  Mr.  Hislnp 
has  remarked  the  similarity  between  Corbula  old ha  mi  and  a  Brazilian  species 
belonging  (.0  the  estuarine  genus  Azara,  There  is  a  complete  absence  of 
pelagic  shells  such  as  the  Cephalopoda ,  no  Echinodermata  or  corals  are 
found,  and,  above  all,  four  species  Pkysa  prinsepii,  Lymnrtt  sitbulata, 
Palttdina  nor  malts  and  Corbic'ula  inpens  are  characteristically  fresh  water 
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forms;  the  first  three  of  these  are  of  comparatively  rare  occurrence, 
but  the  Corbicnla  is  common,  and  the  last  named  may  perhaps  have  lived 
in  brackish  water,  as  its  near  ally  Cyrena  does  at  the  present  day,  whilst 
the  purely  fresh  water  shells  were  washed  down  by  rivers,  this  view  being 
quite  in  accordance  with  the  theory  that  the  interirappean  beds  of 
Rdj/unrJiendri  were  deposited  in  brackish  water,  which  was  supplied 
with  fresh  water  by  streams,  but  was  also  in  communication  with  the 

The  mollusca,  however,  cannot  be  considered  as  very  characteristic  of 
age.  1  hey  were  compared  by  Mr.  Hislop  with  the  nummulitic  fauna  of 
western  India,  but,  as  he  points  out,  no  forms  appear  to  be  identical,  and 
although  Natica  dolium,  Tnrritella  a  finis  and  an  unnamed  Cerithium 
found  in  the  tertiaries  of  Sind  and  Cutch  resemble  N.  stoddardi,  T.  pros- 
longa  and  C.  stoddardi,  the  intertrappean  forms  are  more  closely  allied  to 
the  cretaceous  N.  ( Mammilla )  carnatica,  T.elicita  and  Cerithium  vagans 
than  to  the  eocene  species  mentioned,1  while  other  forms  might  easily  be 
shown  to  be  affined  to  those  occurring  in  the  cretaceous  rocks  of  Southern 
India.  In  the  case  of  Tunitella  preelonga  and  T.  elicita  the  affinity  is 
very  great.  The  shell  called  Vicarya  fusiformis  appears  not  to  be  really 
congeneric  with  V.  verneuilli,  the  type  of  the  genus,2  and  the  latter  has 
now  been  found  to  be  miocene,  not  eocene.  On  the  whole,  it  may  be  safely 
asserted  that  no  tertiary  alliances  of  any  value  have  been  detected  amongst 
the  intertrappean  Rajamahendri  fossils,  and  that  their  relations  are  rather 
with  the  upper  cretaceous  rocks  of  Southern  India,  although  the  connection 
is  not  strong. 

In  the  islands  of  Bombay  and  Salsette,  and  probably  farther  north  on 
the  same  line  of  coast,  the  traps  have  an  inclination  of  from  50  to  io° 
to  the  westward.  The  islands  are  separated  from  each  other  and  from  the 
mainland  to  the  north  by  tidal  creeks  and  alluvial  flats,  whilst  the  expanse 
of  water  forming  Bombay  harbour  lies  between  them  and  the  mainland  to 
the  eastward.  In  the  islands  of  the  harbour,  and  on  the  hills  between 
Thana  an.d  Kalyan  north  of  the  harbour,  the  same  westwardly  dip  is  dis¬ 
played,  but  further  to  the  eastward,  from  Kalyan  to  the  Sahyadri  range, 
the  traps  are  horizontal. 

About  2,000  feet  of  horizontal  beds  are  exposed  on  the  flanks  of 
Mdthertin  hill,  and  a  still  greater  thickness  farther  to  the  east  in  the  hills 
near  the  Bhor  Ghat  and  close  to  the  Great  Indian  Peninsula  Railway  line 
between  Bombay  and  Poona,  but  it  is  impossible  to  say  how  far  the  lowest 
strata,  exposed  at  the  base  of  the  hills,  are  above  the  bottom  of  the  series, 
as  no  lower  beds  than  the  traps  are.  seen.  Owing  to  the  numerous  breaks  in 

1  When  Mr.  Hislop  wrote,  the  South  Indian  j  2  This  was  pointed  out  by  Mr.  H.  M.  Jenkins, 
cretaceous  fossils  had  not  been  dcsc.ibed.  '  Quart.  Jour,  Ceal.  Soc.,  XX,  =8/(iS6_|). 
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The  sec-lion,  it  is  difficult,  without  closer  measurements  than  have' hitherto 
been  made,  to  estimate  the  precise  thickness  of  the  rocks  dipping  to  the 
westward  near  Bombay,  but  taking  the-  average  dip  at  5°  the  whole  thick¬ 
ness  would  be  nearly  7,000  feet.  This  is  a  minimum  estimate,  as  the 
average  dip  is  probably  higher  and  the  thickness  consequently  greater. 
From  1,200  io  1,500  feet  of  rock  are  exposed  in  Bombay  island,  so  tiiat  it 
is  evident  that  the  lowest  beds  seen  on  the  island  are  higher  in  the  series 
thin  the  highest  flows  seen  on  the  Sahyidri  mountains  to  the  eastward, 
although  some  of  the  higher  portions  of  the  range  are-  4,000  feet  above 
the  sea. 

The  inlertrappeans  of  Bombay  are  entirely  confined,  so  far  as  is  known, 
to  these  higher  beds,  no  sedimentary  rocks  having  hitherto  been  found 
amongst  the  middle  portions  of  the  Deccan  trap  series  and  it  is  manifest 
that  the  Bombay  fresh  water  beds  belong  to  a  very  different  horizon  from 
that  to  which  the  intertrappeans  of  Nagpur  and  the  Narbadd  valley  must 
be  assigned.  The  most  important  bed  is  that  which  underlies  the  basalt 
of  Malabar  hill  and  Worlee  hill,  forming  the  broken  ridge  along  the 
western  or  sea  face  of  the  island  ;  this  stratum  is  consequently  imme¬ 
diately  beneath  the  highest  lava  flow  known  to  occur  anywhere  through¬ 
out  the  trap  area,  for  the  rocks,  as  already  stated,  dip  to  the  west,  and  no 
beds  higher  than  those  of  Bombay  have  been  discovered.  '  It  must,  however, 
not  be  forgotten  that  the  coast  north  and  south  of  Bomba)' has  not  hitherto' 
been  examined  with  sufficient  care  to  make  it  quite  certain  that  no  higher 
beds  occur. 

This  intertrappean  bed  on  the  east  side  of  Malabar  hill  is  more  than  one 
hundred  feet  thick  in  places,  and  consists  principally  of  soft  grey,  greyish 
blue,  brown,  and  brownish  yellow  earthy  shales,  with  occasional  harder 
bands,  some  of  which  are  black  and  caibonaccous.  The  greater  portion 
of  the  bed  is  evidently  formed  of  volcanic  detritus,  whether  lapilli  washed 
down  by  water,  or  sand  produced  by  the  disintegration  of  lava  flows, 
it  is  difficult  to  say,  very  possibly  both  may  have  contributed  to  the 
formation  of  the  rock.  At  the  top  of  the  deposit  the  shale  occasionally 
becomes  hardened  and  silicious,  as  if  by  the  action  of  the  overlying 
basalt.  The  black  carbonaceous  shale  is  locally  highly  bituminous  and 
sometimes  contains  small  layers  of  a  coaly  substance  and  fragments  of 
mineral  resin.  Impressions  of  vegetables  abound,  although  they  are  -l  ut 
seldom  well  preserved,  and  remains  of  animals  are  common,  the  best  known 
being  skeletons  of  small  frogs  and  carapaces  of  Cypndes, 

Besides  this  thick  sedimentary  band,  several  thinner  beds  have  been  , 
found  at  lower  horizons  amongst  the  lava’  flows  and  ash  beds  of  Bombay 
island.  They  are,  however,  very  thin  and,  except  one  which  is  seen  in', 
the  quarries  of  Nowroji  hill  south  of  Mazagaon,  they  are  difficult  to  detect ; 
indeed,  the  circumstance  of  their  occurrence  has  only  become  known  through  . 
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the  careful  scrutiny  of  local  geologists,  who,  living  in  the  town,  could  take 
advantage  of  any  excavations  for  buildings,  tanks,  roads,  etc.,  to  examine, 
the  strata  exposed.  According  to  Dr.  Buist  there  are  five  or  six  sediment¬ 
ary  beds  below  the  thick  band  of  Malabar  hill,  but  fossils  have  only  been 
found  in  that  exposed  at  Nowroji  hill,  where  Cyprides  occur.  All  these 
bands  consist  of  shaly  beds.1 

The  fossils  found  at  Bombay  are  tolerably  numerous,  but  hitherto  only 
the  Vertebrata  appear  to  have  received  more  than  a  superficial  notice.  The 
remains  of  a  fresh  water  tortoise,  Hyaraspis  leiihi  {Testudo  leithi,  Carter) 
belonging  to  the  Emydida ,  and  of  a  bog,  Rana  pusilla ,2  considered  by 
Dr.  Stoliczka  an  Oxvglossus ,"  have  been  found,  the  latter  in  abundance, 
while  some  bones  of  a  larger  frog  have  been  obtained.  The  Archropoda  are 
represented  by  three  species  of  Cypris,  one  of  which,  C,  ( cylindrica ),  is  also 
found  in  the.  intertrappean  deposits  of  the  Deccan  ;  another  species  has 
been  called  C.  semimarginata  by  Dr.  Carter,  the  third  is  unnamed.  C.  semi- 
marginata  is  the  most  generally  diffused,  hut  the  other  forms  also  occur  in 
great  numbers.  Only  fragments  of  insects  have  been  found.  Mollusca 
are  rare,  and  the  few  specimens  hitherto  procured  have  been  in  poor  con¬ 
dition,  they  have  been  referred  to  Melania  and  Pupa,  but  with  some  doubt, 
and  none  of  the  characteristic  Deccan  forms  have  been  detected.  The 
plant  remains  comprise  stems,  leaves,  seeds,  and  perhaps  roots,  but  very 
little  has  been  determined,  except  that  endogens  and  angiospermous  exo¬ 
gens  are  represented. 

The  life  represented  by  the  species  named  is  clearly  that  of  a  shallow 
marsh.  The  frogs  occur  in  large  numbers,  and  their  bodies  have  evidently 
been  deposited  near  the  spot  where  they  died,  as  the  whole  skeleton 
is  found  perfect.  In  some  cases,  as  was  noticed  by  Dr.  Stoliczka,  the 
skeleton  has  been  dragged  along  the  surface  of  the  shale  in  which  it  is 
imbedded,  and  he  suggests  with  great  probability  that  this  was  done  by 
wind.  The  tortoise  is  a  marsh  or  river  form,  the  nearest  living  ally,  accord¬ 
ing  to  Dr.  Gray,4  being  a  genus  found  in  fresh  water  in  South  America, 

After  .the  description  of  the  various  sedimentary  formations  intercalated 

1  For  fuller  description  of  these  beds  see  Carte.-, 

Jour.  Bo..  Br.  Roy.As.Sac.,  IV,  161,  (1853),  and 
Geological  Papers  on  Western  India,  p.  158; 

Buist,  Trans.  Bo.Geogr.  Sat.,  X,  195,  (1853) ; 

Wynne,  Memoirs,  V,  193,(1866);  VI,  38s,  086y). 

It  must  not  be  forgotten  that  Dr.  Carter’s  views 
;,s  to  the  relations  of  the  sedimentary  beds 
differ  essentially  from  those  stated  in  text, 
with  which  all  other  observers  agree. 

“Owen,  Quart.  Jour.  Geol.  Sec.,  111,224. 

(1847). 

*  Memoirs,  VI,  387,  (1867).  Dr.  Stoliczka 


shows  that  the  form  agrees  well  with  0.\rg las¬ 
sies  and  with  no  other  known  existing  genus. 
At  the  same  time,  as  some  of  the  principal 
characters  by  which  genera  of  frogs  are  dis¬ 
tinguished  are  not  preserved  in  the  skeleton, 
the  Bombay  frog  may  have  differed  greatly 
from  receit  Oxyglossi,  From  the  species  of 
true  Rana  it  is  distinguished  by  the  want  of 
vomerine  t_*eth,  the  large  head,  and  short 
hinder  limbs. 

4  Ann.  Mag.  Nat.  Hist  ,  -|th  Scries.  VIII,  Jjy, 
!(l870. 
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with  the  imps  or  underlying  them,  the  next  point  for  consideration  is  the 
inode  of  origin  of  the  trap  rocks  themselves.  Their  volcanic  character  is 
sufficiently  proved  by  their  composition.  Precisely  similar  rocks  occur 
amongst  the  lavas  poured  out  from  recent  volcanoes,  whilst  nothing  of, the 
same  kind  has  ever  been  known  to  be  deposited  from  water.  But  the  first 
difficulty  which  arises,  and  it  is  one  of  very  great  importance,  is  to' account 
for  the  persistent  horizon tality  of  the  beds.  Two  observers  certainly, 
Jacquemont1  and  Adolph  Schlagintweit,2  have  considered  that  the  traps  are 
mi  stratified,  but  after  the  evidence  already  mentioned  as  to  the  differences 
in  mineral  character  between  successive  bands,  the  frequent  occurrence  of 
vesicular  structure  on  the  upper  surface  of  flows,  the  presence  in  abundance 
of  beds  of  volcanic  ash,  and  the  repeated  interstratification  in  the,  same 
localities  of  sedimentary  layers,  it  is  unnecessary  to  refute  this  view.  A 
much  more  common  opinion,  and  one  which  has  been  supported  by  numer¬ 
ous  excellent  geologists,  from  Newbold  downwards,  is  that  the  Deccan 
traps  are  of  subaqueous  origin,  and  it  is  necessary  to  show  why  this  opinion 
is  untenable.  . 1  .  . 

In  all  Cases  of  subaqueous  eruptions  the  ejected  masses  consist  of 
substances  very  similar  to  the  lava,  ashes,  scoriae  and  lapilli  of  ordinary 
subaerial  volcanic  outbursts,  but  these  materials  being  thrown  out  into  the 
water  are  reduced  by  the  sudden  cooling  to  the  condition  of  a  fine 
powder,  which  is  dispersed  and  deposited  in  layers  in  the  same  manner 
as  ordinary  detritus,  so  as  to  form  what  are  known  as  stratified  tuffs,' 
With  these  tuffs  ordinary  marine  deposits  are  necessarily  intercalated, 
and  both  these  and  the  tuffs  are  usually  fossiliferous,  the  very  destruction 
of  life  in  the  waters  of  the  sea,  caused  by  the  licat  and  gases  which  are 
evolved  during  eruptions,  encouraging  the  preservation  of  those  portions 
of  the  organism  which  are  not  liable  to  destruction  from  (he  temperature 
of  boiling  water  or  the  process  of  decomposition.  Now,  the  volcanic 
ashes,  already  described  as  occurring  in  great  abundance  amongst  the 
higher  beds  of  the  Deccan  traps,  are  not,  as  a  rule,  stratified  in  the 
manner  in  which  beds  deposited  from  water  would  be.  Although  they 
occur  in  strata,  intercalated  with  basaltic  lava  flows,  these  ash  beds  them-  . 
selves  have  no  internal  lamination,  except  in  a  few  rare  instances  in 
which  they  are  chiefly  composed  of  bole,  and  may  have  been  formed  in  the 
small  pools  of  fresh  water  so  common  in  volcanic  areas.  Above  all,  no!  a . 
trace  of  a  marine  organism  has  ever  been  found  in  any  ash  bed,  or  in  any 
rock  intercalated  with  the  traps,  except  in  the  intertrappean  and  infratrap- 
pean  formations  of  Rajamahendri,  where  the  lava  has-  evidently  been 

1  “Voyage  dans  I'lnde,"  4°,  Paris,  18+!,  III,  |  engaged  in  the  Magnetic  Survey  c(  Icdn-,”. 

50^,  elc,  |  No.  Ij  p,  &  —  Reiseia  m  Indieti  und  Hochasicii.  ■ 

2  Report  of  the  Proceedings  of  the  Ofliccra  1  VoL  f,  p.  141,  (’869)- 


GEOLOGY  OK  INDIA—  DECCAN  TRAP. 


COhap,  XL 


intercalated  with  the  Deccan  traps  is  unmistakably  of  fresh  water  origin 
is  a  conclusive  proof  that  all  those  lava  flows  which  are  associated  with 
such  sedimentary  beds  are  not  submarine.  We  have  thus  not  only  a  ■ 
complete  absence  of  all  proof  of  submarine  origin,1  but  clear  and 
unmistakable  evidence  that  the  traps  were  in  great  part  of  subaerial  ‘ 
formation. 

Another  favourite  idea  with  many  writers,  and  especially  with  Mr.  Hislop 
and  Dr  Carter,  has  been  that  the  lower  traps  were  poured  out  in  a  vasi,  but 
shallow,  fresh  water  lake  extending  throughout  the  area  over  which  the 
'  intertrappean  limestone  formation  ’  extends.8  This  hypothesis  involves 
the  existence  of  a  lake  of  enormous  size,  several  hundreds  of  miles  in  length 
and  breadth,  but  shallow  throughout.  It  appears  more  probable  that' the 
lakes  in  which  the  Lameta  group  and  the  intertrappean  beds  were  de¬ 
posited  were  of  moderate  size,  and  that  they  were  formed  by  unequal 
elevation  of  different  parts  of  the  area,  prior  to'  the  volcanic  outbursts,  or 
by  the  obstruction  of  the  drainage  of  the  country  by  lava  flows.  The 
lake  or  lakes  in  which  the  Lameta  beds  were  formed  may  have  been,  more  ■ 
extensive,  but  it  has  already  been  shown  that  single  sedimentary  bands 
intercalated  in  the  traps,  can  rarely  he  traced  for  more  than  three  or  four 
miles,  and  the  character  of  the  fauna,  in  the  intertrappean  formations, 
both  of  Central  India  and  of  Bombay,  is  in  favour  of  the  animals  of  which 
the  remains  are  found  having  inhabited  shallow  marshes  rather  than  deep 
lakes. 


'  It  may  appear  to  runny  geologists  that  an  i 
unnecessary  amount  of  space  and  argument  I 
has  been  devoted  to  proving  a  very  clear  pro-  j 
position,  vis.  that  the  Deccan  traps  are 
subaerial.  The  reason  for  giving  the  arguments  j 
at  length  is  that  a  different  view  has  been 
expressed  by  many  geologists.  A  reference  \ 
to  the  Quart  'four.  Oral.  Soc.,  XXX,  235, 
(1874),  will  show  that  the  arguments  used  by 
Professor  Judd  to  prove  the  subaeriai  origin  of  I 
the  volcanic  rocks  in  the  west  of  Scotland  and  | 
north’  of  Ireland,  are  precisely  the  same  in 
many  cases  as  those  mentioned  above.  These 
views  had  been  urged  in  the  case  of  the  Indian 
rocks  (ftemoirs  VI,  145)  some  yeais  before  the 
publication  of  Professor  Judd’s  papers. 

3  By  both  the  writers  named  the  intertrappean 
beds  of  Bombay  were  supposed  to  be  iden¬ 
tical  with  those  of  Central  India,  and  both 
were  under  the  impression  that  there  was  but  : 
a  solitary'  fresh  water  bed  which  was  deposit¬ 
ed  before  any  volcanic  outbursts  took  place, 
which  was  then  covered  up  by  lava  flows,  and 
finally  separated  from  the  underlying  rocks 


and  broken  tip  by  a  great  sheet  of  intrusive 
basalt  injected  beneath  it. 

The  geologists  named  would  doubtless  have 
modified  their  views  had  they  been  acquainted 
with  all  the  facts  now  ascertained  with  regard 
to  the  Deccan  traps  and  the  associated  sedi¬ 
mentary  beds.  The  conception  of  a  great 
sheet  of  intrusive  basalt  so  injected  between 
two  formations  that  it  always l^^erlies  the 
one  and  underlies  the  other,  over  au  area  of 
thousands  of  square  miles,  is  quite.-untenabie. 
It  is  a  physical  impossibility  that  an-  immense 
dyke  should  be  injected  horizontally  for  hun¬ 
dreds  of  miles  instead  of  breaking  throngh-to 
I  the  surface.  Moreover,  the  fact  that  successive 
sedimentary  beds,  as  m  the  case  at  Mekalgandi 
Ghdt,  mentioned  on  page  v6y,  are  Often  of’ 
different  mineral  compos'tion,  and  the  very  fre- . 
quent  instances  in  which  the  upper  surface  of  a 
sedimentary  band  is  altered,  whilst  the  lower 
is  unchanged,  prove  that  both  lava  flows  and 
I  sedimentary  intertrappean  beds  were  regu¬ 
larly  and  successively  formed,'  one  above  t],-, 

I  other,  as  they  now  occur. 
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We  are  thus  thrown  back  upon  our  original  difficulty,  the  horizontality 
of  the  Deccan  traps.  It  has  been  shown  that  this  is  not  due  to  a  sub¬ 
aqueous  origin,  whether  marine  or  fresh  water.  At  the  same  time  the 
phenomenon  cannot  be  said  to  have  been  thoroughly  explained,  because 
no  such  formation  is  known  to  be  in  process  of  accumulation  at  the 
present  day.  Many  such  masses  of  horizontal  stratified  traps  are,  how¬ 
ever,  found  in  various  parts  of  the  world,  and  though  it  is  impossible, 
for  want  of  recent  examples,  to  demonstrate  the  circumstances  which  cause 
their  formation  in  place  of  volcanic  cones,  there  is  abundant  evidence  that 
such  traps  were  a  common  form  of  volcanic  accumulation  in  past  times, 
and  that  similar  stratified  lava  flows  were  not  confined  to  any  particular 
epoch,  although  several  instances  are  known  of  about  the  same  geological 
age  as  that  attributed  to  the  Deccan  outbursts. 

Assuming,  therefore,  as  we  are  justified  in  doing,  that  the  horizontal 
dolerites  of  western  and  central  India  precisely  resemble  modern  lavas 
in  everything  except  their  horizontality  and  the  extent  of  area  which  they 
have  covered,  it  remains  to  be  seen  what  evidence  there  is  of  the  sources 
from  which  this  enormous  accumulation  of  molten  materials  was  poured 
out.  The  original  cones  and  craters,  if  any  ever  existed,  must  have  been 
the  first  portion  of  the  volcanic  area  to  suffer  from  denudation,  and  it  is 
easy  to  conceive  that  subaerial  erosion,  from  eocene  times  to  the  present, 
■would  have  more  than  sufficed  to  remove  every  trace  of  the  loose  material 
of  which  volcanoes  are  chiefly  composed.  Still,  it  is  surprising  that  the 
inclined  beds  forming  the  slopes  of  a  volcanic  cone  should,  in  no  single  case 
which  has  been  recognised,  have  been  preserved  by  being  encased  in 
subsequent  outbursts  of  harder  materials.  Possibly  the  tendency  of  great 
lava  streams  to  sweep  away  all  loose  volcanic  materials  may  suffice,  in 
those  cases  in  which  large  quantities  of  lava  are  poured  out,  to  prevent 
volcanic  cones  from  forming. 

When,  however,  we  look  for  other  evidence  of  the  neighbourhood  of 
igneouwputbursts,  we  find  dykes  and  irregular  intrusions  abundant  in 
some  localities,  rare  or  absent  in  others,  whilst  the  presence  of  volcanic 
ash  throughout  a  large  portion  of  the  trap  area  has  already  been  noticed. 
The  ash  beds,  especially  when,  as  usually  happens,  they  form  a  coarse 
volcanic  breccia,  containing  blocks  several  inches  in  diameter,  cannot 
have  accumulated  far  from  volcanic  vents,  although  they  may  have  been 
transported  to  a  much  greater  distance  floating  on  the  surface  of  molten 
lava  than  they  could  have  been  ejected  from  the  volcano. 

A  much  closer  examination  of  the  Dectan  area  than  has  hitherto  been 
practicable  will  be  requisite  before  the  distribution  of  dykes  and  ash  hi  ds 
can  be  considered  as  even  approximately  known.  So  far  as  the  country 
has  hitherto  been  examined,  both  appear  to  prevail  much  more  largely  in 
the  region  near  the  coast,  from  MahAbalesltwar  to  the  neighbourhood  ol 
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Ilan.ul;!,  than  in  oilier  parts  of  Hie  trap  area.  It  is,  of  course,  very  often 
difficult  t»’  recognise  dykes  amongst  rocks  of  precisely  similar  mineral 
character,  much  closer  search  being  needed  than  is  requisite  in  order  to' 
defect  volcanic  intrusions  amongst  sedimentary  formations.  It  is  only 
where  dykes  are  large  and  numerous  that  attention  is  likely  to  be  directed 
to  them. 

There  is  one  tract  of  country  in  which  dykes  are  peculiarly  large  ami 
abundant,  This  r~  in  the  Rrfjpipla  hills,  north-west  of  Surat.  In  this 
country,  over  a  considerable  area,  very  large,  parallel,  or  nearly  parallel, 
basalt  dykes  are  found,  sometimes  not  more  than  two  or  three  hundred  yards 
apart,  (be  general  direction  being  cast  by  north  to  west  by  south.  .The 
traps  are  much  disturbed,  and  frequently  dip  at  considerable  angles. 

To  the  southward  of  the  Tdpti,  along  the  line  of  the  Sabyadri,  and  its 
neighbourhood,  in  western  Kh/mdesh,  the  northern  Konkan,  and  the 
intervening  small  native  states,  a  tract  whose  geology  is  unknown,, 
it  is  probable  that  dykes  may  continue  numerous  for  a  considerable 
distance,  as  their  number  and  size  in  the  Konkan,  north-east  of  Bombay, 
are  especially  noticed  by  Ivlr.  G.  T.  Clark,5  but  intrusions  are  far  from 
abundant  in  the  lava  flows  exposed  in  the  higher  country  east  of  the  Ghats.: 
At  the  same  time  the  frequent  occurrence  of  ash  beds  in  the  higher 
traps  around  Poona  and  Mah&baleshwar  sufficiently  attests  the  neighbour¬ 
hood  of  the  old  volcanic  vents.*  -  . 

North  of  the  Rfijpipla  hills  and  of  the  river  Narbadi,  and  west -of 
Baroda,  trap  dykes  are  not  so  common  as  in  the  Rdjpipla  hills,  but  in¬ 
trusive  masses  occur.  One  of  these,  forming  Matapenai  or  Karali  hill, 
about  14  miles  south-west  of  Chhola  Udaipur,  is  a  mass  of  grey  trachyte 
or  fcrachy-doierite,  containing  enormous  masses  of  granite,  evidently- 
derived  from  the  metamorphic  rocks  through  which  the  mass,  when 
molten,  passed  on  its  way  to  the  surface.  The  silicious  character  of  the 
intrusion  in  this,  and  some  other  cases,  is  perhaps  due  to  the  fusion  of 
quarlzose  metamorphic  rock  in  the  basic  dolerite.  Another  tracing;  ic  core 
was  noticed  near  the  village  of  Padwani,  18  miles  east  of  Broach,  life 
occurrence  of  fragments  derived  from  the  metamorphic  rocks  in  intrusive 
dykes  is  by  no  means  an  uncommon  occurrence. 

It  is  only  natural  that  far  better  evidence  of  volcanic  foci  is  to  be 

‘  Quart  Jour.  Geol.  Sac.  XXV,  164,  (1869).  ■  j  homogeneity  of  the  accumulations  in  the- 

s  Mr.  Clark  has  described  what  he  regards  as  '  neighbourhood  of  the  foci,  as  compared  with 
a  series  of  vents  along  the  course  of  the  Barwi  the  more  evenly  bedded  traps  and  ashes  at  a 
river  above  Kalyan.  They  are  said  to  be  crater-  distance ;  Records,  X.111, 69,  (1SS0),  The  only 
like  hillocks,  in  whoso  neighbourhood  the  traps  reason  for  doubting  those  conclusions  is  the' 
lie  in  small  streamlets,  crossing  and  overlap-  peculiar  form  assigned  to  the  hillocks;  as  a 
ping  one  another.  These  supposed  vents  lie  rule,  the  material  filling  the  deck  ot  an  -oM 
along  the  region  where  the  traps  have  under-  volcano  is  harder  than  the  surrounding  stuff, 
gone  a  maximum  of  denudation,  believed  by  and  would  not  form  a  hollow  surrounded  by 
Mr.  Clark  to  be  due  to  the  less  degree  of  a  ridge,  but  stand  out  as  a  solid  mass. 
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found  outside  the  trap  area,  or  in  the  inliers  of  older  sedimentary  rocks, 
than  amongst  the  lava  flows  themselves,  and  it  may  therefore  be  useful 
to  point  out  very  briefly  the  distribution  of  such  intrusive  masses  so  far 
as  the  country  is  known.  Commencing  to  the  north-west,  no  trap  dykes 
have  been  found  in  Sind,  where,  however,  the  deposits  of  older  date  than 
eocene  cover  an  exceedingly  small  area.  In  Cutch  intrusive  masses  of 
basalt  and  dykes  of  large  size  abound  throughout  the  jurassic  rocks,  and 
some  of  the  former  rise  into  hills  of  considerable  size.1  In  Kathi3w£r  the 
tiirmir  hill  is  said  to  be  formed  of  the  dioritic  core  of  an  ancient  volcano, 
and  intrusions  are  abundant  throughout  this  district.  Throughout  the 
northern  edge  of  the  trap  country  in  Rajputina,  Gwalior,  and  Bundelkhand, 
dykes  are  rare  or  wanting,  but  they  abound  in  some  of  the  areas  of  older 
rucks  exposed  in  the  Narbada  valley,  and  they  are  especially  common  in 
the  Gondwdna  tract,  south  of  the  river,  in  the  neighbourhood  of  the 
Mah4  leva  hills.  Farther  to  the  eastward  they  are  less  numerous,  but  some 
occur  throughout  the  upper  Son  valley,  and  they  gradually  die  out  in 
Sarguja  and  Palimau,  only  200  miles  west  of  the  ground  in  which  the  older 
lava  flows  of  Rijmahal  age  are  seen,  and  within  less  than  100  miles  of 
the  Gondwana  basins  in  the  upper  Dimodar  valley,  which  are  traversed  by 
basalt  dykes,  probably  of  the  same  age  as  the  Rdjmahdl  traps.  Passing 
southwards  from  Jabalpur  and  Mandla  however,  there  is  a  total  absence  of 
volcanic  intrusions  amongst  the  Vindhyan  and  Gondwana  formations  of 
Ndgpur  and  Chdndd,  and  none  have  as  yet  been  noticed  in  the  neighbour¬ 
hood  of.  the  Prdnhfta  and  Godivari  between  Chindd  and  R£jimahendri. 
The  country  south  of  the  Godivari  and  north-west  of  Haiderab^d  is 
still  imperfectly  known,  but  in  the  south  Mardthd  country,  and  the 
Konkan  near  Vengurla,  the  few  dykes  which  have  been  observed  travers¬ 
ing  the  unmetamorphosed  azoic  strata  are  but  doubtfully  connected 
with  the  Deccan  traps.  Ashes,  moreover,  are  much  less  abundant  in  this 
region,  amongst  the  Deccan  flows,  than  they  are  further  north. 

We  have  thus  abundance  of  evidence  of  the  former  existence  of 
volcanic? foci  in  Cutch,  the  Rajpipla  hills,  and  the  lower  Narbada  valley, 
and  probably  in  the  neighbourhood  of  the  Sahyddri  range  east  and  north- 
north-east  of  Bombay,  whilst  there  is  every  probability  that  vents  ex¬ 
tended  to  the  eastward  as  far  as  south  Revvd  and  Sarguja,  but  there 
is  no  evidence  of  any  having  existed  in  the  Nagpur  country  or  to  the 
south-east.  Yet,  as  the  traps  are  found  represented  at  RdjMmahendri,  it 
appears  probable  that  they  once  extended  over  all  the  Goddvari  valley, 
though  it  is  quite  possible  that  the  Rdjdmahendri  outlier  may  have  been 
originally  isolated  and  derived  from  a  centre  which  has  not  been  dis¬ 
covered. 

1  One  of  these,  called  Denodhar,  was  de-  I  numerous  geological  works.  The  hill  is  very 
scribed  originally  as  a  volcano,  Geol.  Trans.,  2nd  probably  the  basaltic  core  of  a  pre-nummulitic 
series,  V,  315,  (1840),  and  the  statement  that  volcano.  Its  crateriform  appearance  is  due  to 
it  is  an  extinct  crater  has  been  repeated  in  [  denudation. 
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IL  is,  lun'xf'v'  r,  very  clear  that'  (lie  Irtvfi  flows  most  have  extended  to  an 
enormous  distance  from  (he  venfs  through  which  the  molten  material  was  ,  . 
poured  out.  Trap  fly  bos  are  rarely  solitary ;  tljov  are  generally  abundant' 
in  the  neighbourhood  of  volcanic  foci,  and  tin:  country  in  the  neighbourhood  / 
of  Nagpur  and  Cbdiida  has  been  examined  so  closely  that  the  improbability  ■ 
of  anv  intrusions  o!  igneous  rock  having  been  overlooked  is  much  greater  ' 
than  in  most  parts  of  the  country.  It  is  known  that  the  comparatively 
moderate  outbursts  from  existing  volcanoes  flow  to  great  distances  from 
their  source,  while  the  occurrence  of  the  JJercnntrnps  in  immense  horizontal  - 
sheets  of  but  slight  thickness,  but  ol  great  horizontal  extension,  shows  that 
they  must  have  been  extremely  fluid  when  poured  out,  and  it  is  difficult 
to  form  an  accurate,  idea  of  the  distances  to  which  they  may  have  flowed 
before  consolidating,  Further  observations  arc  necessary  before  all  the 
sources  of  She  great  volcanic  series  of  Western  India  can  he  said  to  have 
been  even  approximately  determined.1 


the  question  of  the  geological  age  to  be  assigned  to  the  Deccan  vol- 
canic  outbursts  lias  been  left  to  the  last,  because,  it  was  desirable  to 
precede  it  by  a  full  statement  ol  all  the  facts  upon  which  a  conclusion  may 
be  founded.  The  evidence  to  be  recapitulated  is  twofold,  that  founded  on 
the  affinities  of  the  fossils  found  in  the  various  intertrappean  rocks,  and 
that  derived  from  the  relations  of  the  stratified  traps  to  beds  above  and 
below  them.  It  is,  of  course,  dear  that  the  traps  rest  upon  cretaceous 
beds  and  arc  overlaid  by  nummultitics,  and  the  only  question  is  whether 
the  lava  flows  arc  cretaceous  or  eocene. 

The  most  important  clue  to  the  correlation  of  the  volcanic  rocks  with, 
the  known  series  of  fossiliferous  deposits  might  bo  expected  to  be  obtained 
Irom  the  marine  beds  associated  with  the  volcanic  formations  at  -Raja-  . 
iiiahcudri.  This,  however,  as  has  been  already  shown  in  the  description  <>( 
the  sedimentary  beds,  proves  of  little  service.  So  far  as  is  hitherto 
known,  the  relations  of  both  the  iniratrappean  and  infertrappean  faunas 
arc  with  the  cretaceous  rather  than  with  the  tertiary  beds,  but  the  points 
of  connection,  in  the  latter  cast:  especially,  art:  quite  insufficient  to  decide 
the  affinity  of  the  formations,  . ,,  . 

1  inning  to  the  hash  water  fauna  of  the  intortrappean  beds,  the  question' 
arises,  as  in  the  case  of  the  (fondwdnas,  of  the  amount  of  dependence  to  be 
placed  upon  terrestrial  animals  and  plants  as  a  guide  to  geological  age.  In  , 
the  case  of  the  Gonchvtlna  formations,  it  has  been  shown  that  forms 

!  bir  A,  finikir.  (Nature,  /|ih  Nov,  jS8o)  foes  i  volcanic  cones,  This  would,  to  a  gie.it  extent, 
suggested  Umt  the  Deccan  traps,  like  the  great  account  for  the  horaontaltty  of  tto  traps,  but 
lava  flows  of  I  he  Pacific  slopes  of  North  Amee  the  ask  beds  must  have  been  thrown  out  from 
rfo-u,  wcic  poured. out  inno  A  smo'S.  and  not  from  j  vents,  round  which  cosies  ’.vonUt  accumulate* 
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characteristic  of  particular  epochs  in  Europe  occur,  in  a  very  different  posi¬ 
tion,  in  the  geological  sequence  in  India,  and  it  is,  therefore,  necessary  to  be 
cautious  in  accepting  conclusions  founded  upon  slight  evidence.  There  is  a 
very  marked  similarity  between  some  of  the  fresh  water  mollusca  of  the 
Deccan  intertrappeans  and  species  found  in  some  beds  of  plastic  clay  age 
(lower  eocene)  occurring  at  Rilly-la-Montaigne  in  northern  France,1  one 
species,  Physa  gigantea,  from  the  latter  locality  being  considered  by  some 
paleontologists  identical  with  the  Indian  P.  prinsepii.  This  identifi¬ 
cation  is,  however,  to  say  the  least,  extremely  doubtful,  and  the  fauna  of 
the  Rilly  beds  appears  more  recent  than  that  of  the  Deccan  intertrappeans. 
Other  resemblances  between  the  plants  and  fish  of  the  intertrappean  beds 
and  those  of  the  London  clay  have  also  been  indicated,  and  a  Physa,  said 
to  be  allied  to  P.  prinsepii,  has  been  found  in  the  nummulitic  rocks  of  the 
Himalayas,  but  even  the  generic  identification  in  the  latter  case  is  far 
from  certain.2 

This  evidence  only  suffices  at  the  most  to  show  an  approximation 
between  the  age  of  the  Deccan  trap  and  the  lower  eocene,  and  is  quite 
insufficient  to  prove  whether  the  former  should  be  classed  as  upper¬ 
most  secondary  or  lowest  tertiary.  But  the  closest  relationship  of  the 
intertrappean  fauna  is  with  that  of  the  Laramie  group  in  North  Ame¬ 
rica.  According  to  Dr.  Neumayr3  the  following  species  are  very  closely 
allied,  if  not  identical : — 


Intertrappean. 

Physa  prinsepii  »  .  . 

,.  „  var.  elongate . 

Acella  attenuate  .  .  , 

Faludina  virapai  . 

Unto  carteri  .  .  .  . 

Corbicula  ingens  .  . 


P.  copei. 

P.  disjuncta. 

A.  haldemani. 
Hydrobia  anthonyi. 

(  U ■  ganionotus. 
t  N.  gonioumbonatus. 
C.  cleburni. 


The  Laramie  group  is  regarded  as  intermediate  in  age  between  the 
cretaceous  and  eocene — an  age  which  would  harmonise  the  conflicting 
alliances  of  the  fauna  of  the  inter  and  infra  trappean  beds  near  Rdja- 
mahendri. 


The  relations  between  the  traps  and  the  underlying  cretaceous  beds  of 
the  lower  Narbadd  valley  have  been  already  described.  There  is  a  general, 
though  slight  unconformity,  due  to  subaerial  denudation  of  the  underlying 
beds.  In  a  very  few  localities  the  latter  appear  to  have  been  disturbed 


1  Mem.  Soc.  Geol.  de  France,  and  series, 
III,  265,  (1848).  The  genera  found  at  Rilly-la- 
Montaigne  are  Cyclas  ,Ancylus,  Vitrina,  Helix, 
Pupa,  Clausilia,  Megaspira,  Bulimus,  Achatina, 
Auricula,  Cyclostoma,  Paludina,  Physa, 
Vaivata.  The  majority  of  these  genera  are 


terrestrial  forms. 

s  D’Archiac  and  Haime,  Description  des 
animaux  Fossiles  du  groupe  nummulitique  de 
I’lnde,  Paris,  1853,  p.  277. 

3  Neu.  Jahrb,  Min.  Geol.,  1884,  Bd.  I,  p.  74  1 
Records,  XVII,  87,  (188  ). 
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before  the  formation  of  the  lowest  traps.  Between  the  highest  volcanic 
beds  and  the  nummuiitic  rocks  of  Surat  and  Broach  the.  break  appears  to 
be  much  greater ;  not  only  do  the  tertiary  rocks  rest  upon  a  largely  denuded 
surface  of  the  traps,  but  they  are  in  a  great  measure  composed  of  materials  . 
derived  from  the  disintegration  of  the  lava  flows,  the  lowest  tertiary'  beds 
being  frequently  coarse  conglomerates  of  rolled  basalt  fragments,  whilst 
beds,  hundreds  of  feet  in  thickness,  are  chiefly  composed  of  agates 
derived  from  the  traps.  This,  however,  although  it  proves  that  great 
denudation  of  the  volcanic  rocks  ,  took  place  during  the  deposition  of 
the  nummuiitic  formations,  does  not  necessarily  imply  a  great  break  aiid 
an  interval  of  disturbance  prior  to  the  commencement  of  the  tertiary  epoch, 
because  the  traps,  being  of  subaerial  origin,  were,  unlike  most  sedimentary 
rocks,  subject  to  erosion  from  the  period  of  their  formation.  In  this  case, 
however,  the  unconformity  is  distinctly  marked,  and  appears  to  show  a 
great  break  in  the  sequence.  The  lowest  tertiary  beds  near  Sur'at  contain 
fossils  which  appear  to  be  a  mixture  of  middle  and  lower  eocene  forms 
(Kirthar  and  Rdnikot).  '  ,  '  . 

Farther  to  the  westward,  in  Cutch,  the  rocks  at  the  base  of  the  tertiary 
group  resting  upon  the  trap  are  locally  conformable,  and  they  have  even 
been  considered1  to  be  partially  volcanic,  but,  as  will  be  shown  in  the  next 
chapter,  there  can  be  no  doubt  that  a  break,  marked  by  unconformity, 
exists  between  the  two  series.  It  appears  most  probable,  too,  that  the 
lowest  tertiary  beds  are  really  composed  of  detritus  derived  from  the 
volcanic  rocks,  as  all  appear  to  be  of  sedimentary  origin,  and  no  instance 
has  been  noticed  of  intercalation  with  the  lava  flows.  The  great  difficulty 
of  distinguishing  between  volcanic  ash  and  the  detritus  of  igneous  rocks' 
when  mixed  with  ordinary  sediments,  especially  where  the  rocks  are  much 
decomposed,  as  in  Cutch,  is  too  well  known  to  require  comment.  The 
beds  immediately  resting  upon  the  traps  are  of  older  date  than  the  .num¬ 
muiitic  limestone.  The  trap  rests  uncdnformably  on  neocomiah  and 
jurassic  beds. 

In  Sind  the  very  thin  representatives  of  the.  Deccan  traps  may,  of  course, 
only  represent  a  small  portion  of  the  period  during  which  the  volcanic  ■ 
rocks  were  in  process  of  accumulation  further  to  the  eastward.  One  band ' 
rests  conformably  upon  beds  which,  according  to  the  most  recent  palaeon¬ 
tological  investigations,  are  intermediate  in  age  between  the  cretaceous 
and  lower  eocene,  whilst  a  second  bed  of  trap  is  found  about  700  .feet 
lower,  interstratified  with  sandstones. 

It  will  be  seen,  therefore,  that  whilst  it  is  clear  that  the  Deccan  traps 
vyere  poured  out  in  the  interval  between  middle  cretaceous  and  middle, 
eocene,  the  evidence  tends  to  show  that  the  lowest  volcanic  outbursts 
were,  at  the  oldest  of  uppermost  cretaceous  age.  That  an  immense  period  , 
1  Wynne,  Memoirs,  IX,  66,  (1S72). 
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of  time  was  occupied  by  the  accumulation  of  the  successive  volcanic  out. 
bursts  is  manifest ;  long  intervals  must  have  elapsed  between  successive 
flows  in  all  those  cases  in  which  fossiliferous  sedimentary  beds  are  inter¬ 
calated,  for  these  intervals  were  sufficient  to  enable  lakes  to  be  formed 
and  stocked  with  life,  and  in  other  cases  for  rivers  to  cut  beds  in  the  lava 
flows,  and  to  fill  up  those  beds  with  gravel  and  sand. 


Recapitulating  the  whole  evidence,  so  far  as  it  is  presented  to  us  by 
the  observations  hitherto  made,  we  find  that  in  times  subsequent  to 
middle  cretaceous,  a  great  area  of  the  Indian  Peninsula  formed  part  of  a 
land  surface,  very  uneven  and  broken  in  parts,  but  to  the  eastward 
apparently  chiefly  composed  of  extensive  plains,  which,  by  some  slight 
changes  of  level  preceding  the  volcanic  period,  were  converted  into  lakes. 
There  is  much  probability  that  springs  charged  with  silica  were  common 
either  at  this  epoch  or  shortly  after.  The  lakes  had  apparently  been 
drained,  and  the  deposits,  which  had  accumulated  in  them,  had  locally 
been  subject  to  denudation  before  the  first  outbursts  of  lava  took  place. 
These  occurred  at  considerable  intervals,  small  and  very  shallow'  lakes  or 
marshes  being  formed  in  the  meantime  by  the  interruptions  to  the  drain¬ 
age  produced  by  lava  flows,  or  by  changes  of  level  accompanying  the  volca¬ 
nic  eruptions.  In  these  lakes  a  rich  fauna  of  fish,  mollusca,  entomostra- 
cous  Crustacea  and  water  plants  existed,  whilst  a  varied  and  probably  a 
rich  vegetation  occupied  the  surrounding  country.  There  is  evidence  of 
the  existence  of  insects  and  of  reptiles,  whether  terrestrial  or  aquatic  has 
not  been  determined,  but  hitherto  no  remains  of  mammals  or  birds  have 
been  found — a  circumstance  which  by  no  means  proves  that  they  did  not 
exist.  Fresh  flow's  of  lava  filled  up  the  first  lakes,  and  covered  over  the 
sedimentary  deposits  which  had  accumulated  in  the  waters,  but  these 
very  flows,  by  damming  up  other  lines  of  drainage,  produced  fresh  lakes, 
so  that  several  alterations  of  lava  and  sedimentary  beds  were  produced  in 
places.  Gradually  the  lakes  seem  to  have  disappeared,  whether  the  lava 
flows  succeeded  each  other  so  rapidly  that  there  %vas  no  time  for  the 
accumulation  of  sediment  in  the  interval,  or  whether,  as  is  more  probable, 
the  surface  had  been  converted  into  a  uniform  plain  of  basalt  by  the 
enormous  lava  streams  which  had  been  poured  out  it  is  difficult  to  say, 
but  no  farther  traces  of  life  have  hitherto  been  found  until  towards  the 
close  of  the  volcanic  epoch.  It  is  possible  that  at  the  end,  as  at  the  com¬ 
mencement,  of  the  period,  the  intervals  between  eruptions  became  longer, 
and  the  animal  and  vegetable  life,  which  may  have  been  seriously  dimi¬ 
nished  or  altogether  driven  out  of  the  country  during  the  rule  of  igneous 
conditions,  resumed  its  old  position,  but  a  great  change  had  taken  place  in 
the  long  interval,  the  old  lacustrine  fauna  had  died  out,  and  the  animals 
and  plants  which  now  appeared  in  the  country  seem  to  have  differed  from 
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CRETACEOUS  ROCKS  OF  THE  EXTRA-PENINSULAR  AREA. 

Absence  of  break  between  the  cretaceous  and  tertiary— Isolated  exposures  of  lower  cretaceous 

beds— Cretaceous  rocks  of  Sind  and  neighbouring  areas— Sulaimdn  range— Afghanistan — 

Himalayas—  Assam — Burma— Doubtfully  cretaceous  beds  of  Tenasserim. 

We  have  already  seen  that  the  great  distinction  between  the  palaeozoic 
and  mesozoic  of  Europe  does  not  hold  good  in  India,  and  that  the  inter¬ 
val  is  bridged  by  rock  systems  which  include  beds  both  of  older  meso¬ 
zoic  and  newer  palaeozoic  age.  In  the  last  chapter  we  saw  that  the 
interval  between  mesozoic  and  cainozoic  is  similarly  bridged,  in  the 
Indian  Peninsula,  by  the  Deccan  traps,  and  we  will  now  find  that  in  extra¬ 
peninsular  India,  in  Sind  and  Baluchistdn  on  the  west,  as  in  Assam  on  the 
east,  it  is  similarly  impossible  to  separate  the  secondary  and  tertiary 
eras,  on  any  but  purely  palaeontological  grounds,  as  they  are  connected  by 
a  continuous  series  of  deposits  ranging  from  cretaceous  to  tertiary,  which) 
in  the  intervening  country,  is  not  only  carried  through  the  tertiary  epoch, 
but  is  extended  into  recent  times. 

It  is  not  meant  by  this  that  there  is  on  any  one  section  a  complete  and 
conformable  sequence  extending  from  cretaceous  to  recent.  The  sections 
indeed  are  all  imperfect,  and  un conformable  breaks  are  found  in  all,  but  the 
unconformity  of  one  section  is  bridged  by  a  continuous  series  of  deposits  on 
another,  and  there  is  no  widespread,  universal  break  which  would  give  a 
natural  line  of  demarcation  for  the  separation  of  the  recks  below  from 
those  above  them.  In  many  ways  it  would,  consequently,  be  more  natural 
to  group*  the  cretaceous  and  tertiary  beds  together  for  descriptive  pur¬ 
poses,  but  this  would  necessitate  a  system  of  description  that  would 
obscure  some  important  relations  between  the  tertiary  and  especially  the 
upper  tertiary  beds  of  widely  separated  areas,  and  it  will  be  best  to  take 
advantage  of  the  recognised  division  between  tertiary  and  secondary,  and 
confine  our  attention  for  the  present  to  the  cretaceous  rocks. 

Before  proceeding  to  the  description  of  the  more  important  and  com¬ 
plete  exposures  it  will  be  well  to  notice  some  isolated  occurrences  ol  lower 
cretaceous  beds. 

In  Cutch  there  is  a  thin  bed  of  ferruginous  oolitic  rock  which  occurs  at 
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whitish  nummulitic  limestones  behind  them.  These  dark  hills  consist  o{ 
cretaceous  beds,  but  the  lowest  member  of  the  series  is  only  exposed  in 
a  single  spot,  at  the  base  of  a  hill  known  as  Barrah,  lying  about  ten  miles 
south-west  of  Amri.  The  whole  range  here  consists  of  three  parallel 
ridges,  the  outer  and  inner,  composed  of  tertiary  rocks,  while  the  inter¬ 
mediate  one  consists  of  cretaceous  beds,  faulted  against  the  lower  eocene 
strata  to  the  eastward  and  dipping  under  them  to  the  westward.  Close 
to  the  fault  some  compact  and  hard  whitish  limestone  is  found,  the  lower 
portion  pure ;  the  upper  portion,  often  containing  ferrugipous  concre¬ 
tions,  is  sandy,  gritty,  and  forms  a  passage  into  the  overlying  sandstones. 
The  base  of  this  limestone  is  not  seen,  the  whole  thickness  exposed  is  a 
little  over  300  feet,  and  the  length  of  the  outcrop  does  not  exceed  half 
a  mile.  The  limestone  is  fossiliferous,  containing  echinoderms  and 
mollusca,  but  it  is  so  hard  and  homogeneous  that  nothing  obtained  from  it 
can  be  easily  recognised,  except  one  fragment  of  a  hippurite.  This 
fossil  is,  however,  of  great  importance,  because  it  shows  that  the  white 
limestone  may  very  probably  be  an  eastern  representative  of  the  hippuritie 
limestone,  so  extensively  developed  in  Persia,  and  found,  in  numerous 
localities,  from  Teheran  to  east  of  Karman  in  longitude  58°,  just  ten 
degrees  west  of  the  Lakhi  range  in  Sind.1  The  precise  position  of  the 
Persian  hippuritie  limestone  in  the  cretaceous  series  has  not  been  deter¬ 
mined,  but  the  European  formation,  which  is  very  similar  and  probably 
identical,  is  of  the  age  of  the  lower  chalk  (turonian). 

The  sandstones  resting  on  the  hippuritie  limestone  occupy  a  consider¬ 
able  tract  around  Barrah  hill,  and  extend  for  about  three  miles  from  north 
to  south.  They  are  also  seen  at  Jakhmari  to  the  northward,  and  in  one  or 
two  other  places  in  the  neighbourhood.  They  are  gritty  and  conglomeratic, 
frequently  calcareous,  and  contain  a  few  bands  of  shale,  usually  of  a  red 
colour.  The  prevailing  colour  on  the  weathered  surfaces  is  dark  brown  or 
purple,  many  of  the  beds  being  highly  ferruginous.  On  the  top  of  the 
sandstones  is  a  thick  bed  of  dark  coloured  impure  limestone,  containing 
oyster  shells,  and  occasionally  large  bones,  apparently  reptilian,  but  none 
have  been  found  sufficiently  well  preserved  for  identification. 

In  one  place  a  bed  of  basalt,  about  40  feet  thick,  has  been  found  inter- 
stratified  in  the  sandstones,  and  it  is  possible  that  the  band  may  exist 
elsewhere,  but  it  has  hitherto  remained  undetected.  The  position  of  this 
bed  of  basalt  on  the  face  of  a  hill  called  Bor,  about  13  miles  north  of 
Kinfkot,  is  at  an  elevation  of  300  or  400  feet  above  the  base  of  the  sand¬ 
stones,  and  about  twice  as  much  beneath  the  main  band  of  interbedded 
trap,  to  be  described  presently. 

These  sandstones  are  overlaid  by  soft  olive  shales  and  sandstones, 


*  W.  T.  lSlantord,  Eastern  Persia,  London,  i8;C,  U,  pp.  457 . 
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usually  of  fine  texiure,  The  sandstone  beds  are  thin,  and  frequently  have, 
the  appearance  of  containing  grains  of  decomposed  basalt  or  some  similar 
volcanic  rock,  or  else  fine  volcanic  ash.  A  few  hard  bands  occur,  and 
occasionally,  but  rarely,  thin  layers  of  dark  olive  or  drab  impure  lime¬ 
stone.  Gypsum  is  of  common  occurrence  in  the  shales. 

The  olive  shales  are  highly  fossiliferous,  the  commonest  fossil  being 
Cardila  beanmonti , 1  a  peculiar,  very  globose  species,  truncated  posteriorly, 
and  roost  nearly  allied  to  forms  found  in  the  lower-  and  middle  creta'ceous 
beds  of  Europe  (Neocomian  and  Gault),  This  shell  is  extremely  abund¬ 
ant  in  one  bed,  about  200  or  250  feet  below  the  lep,  but  is ’-not  con¬ 
fined  to  this  horizon.  Nautili  also  occur,  the  commonest .  species' close¬ 
ly  resembling  N.  labechet 
of  Messrs.  D’Archinc  and 
Haime,  but  differing  in  the 
position  of  the  siphancle. 
This  form  appears-  undis- 
thigirishable  from  //.  houchar- 
diatms.  found  in  the  upper 
cretaceous  Arivalur  beds  of 
Pondicherri  and  at  a  lower 
Fig.  J7.  Cardi’a  beammnti,  DArcb,  and  Haime.  cret:aCeOuS  horizon  in  Europe. 

A  second  Nautilus  resembles  N.  snbjleu riausia n us  (another  eocene  Sind 
species)  in  form,  and  is  also  allied  to  some  cretaceous  types.  Several 
Gasteropoda  occur,  especially  forms  of  Rostellaria,  Cyprara ,  Natica,  and 
Turritella  but  none  are  very  characteristic.  Two  forms  of  Oslrca  are 
common,  one  of  them  being  allied  to  the  tertiary  O.  flemtngi  and  to  the  cre¬ 
taceous  O.  eitteliana ,  but  distinct  from  both.  The  only  mollusc  which 
certainly  passes  into  the  Rdnfkot  beds  is  Corbtrhi  harpa . 

In  the  lower  part  of  the  beds  with  Cardila  beau  monte  some  amphivceJian 
vertebrae  were  found,  which  Mr.  Lydekker  has  ascertained  to  be  crocodilian. 
All  amphiccelian  crocodiles  are  mesozoic,  and  the  present  form  must  be  one 
of  the  latest  known.  So  far  as  it  is  possible  to  form  an  opinion  from  very 
fragmentary  materials,  the  vertebra  in  question 'appear  more  nearly  allied 
to  the  wealden  Suchosaurus  than  to  any  other  form  hitherto  described. 
It  has,  however,  been  already  shown,  when  writing-  of  the  Gondwdna  flora, 
that  the  distribution  of  Reptilia  in  past  ages  was  not  the  same  in  India  as- 
in  Europe. 

Only  the  corals  and  echinoids  of  the  Cardila  beamnonti  beds  have  as 
yet  been  criticically  examined,  the  former  by  the  late  Prof.  P.  M.  Dtmcah,  the 
latter  by  the  same  palaeontologist  with  the  assistance  of  Mr.  P.  M  Sladcn; 
The  results  obtained  are  not  very  definite  so  far  as  the  correlation  of 
1  D’Ardiiac  and  Haime,  Description  dss  :  de  i'inde,  Paris,  .1S53,  233,  p|. 

Aniinaux  fossiles  da  groups  NunmudUicjue  '  fig.  M- 
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that  seen  in  the  one  small  exposure  in  lower  Sind,  and  none  of  the  hori¬ 
zons  except  the  uppermost  have  been  identified  in  the  two  regions.  ' 

In  the  neighbourhood  of  Quetta  and  the  country  to  the  east  of  it  the 
lowest  rock  known  is  a  massive  limestone  of  great  thickness.  The  lower 
portion  of  this,  as  seen  at  the  head  of  the  Bolan  pass  and  at  Sari ab,  is  of 
a  pale  cream  colour,  the  upper  portion  is  more  or  less  dark  grey  in 
colour.  Fossils  are  not  very  abundant,  but  in  places  it  exhibits  sections 
of  Hippurites ,  Inoceramns  and  corals  on  the  weathered  surface.  •  The 
exact  age  of  this  limestone  is  undetermined,  but  it  is  regarded  as  lower 
cretaceous, 

The  massive  grey  limestone  is  succeeded  by  a  series  of  dark  grey  or 
black  shaly  beds,  often  containing  an  admixture  of  volcanic  ash,  overlaid  by 
red  and  green  mottled  shales  and  thin  bedded  limestone,  capped  by  white 
limestone.  The  thickness  of  these  beds  appears  to  be  about  1,000  feet, 
about  200  at  the  top  of  which  consists  the  while  limestone,  hot  there 
are  great  variations  in  thickness  of  both  members,  owing  partly  to  the 
manner  in  which  the  soft  shaly  beds  have  yielded  to  compression,  and 
partly  to  the  removal  of  the  upper  beds  by  denudation  previous  to  the 
deposition  of  the  next  succeeding  group.  Locally  the  shaly  beds  of  this 
group  are  abundantly  fossiliferous,  but  except  a  few  fragments  of  ammo-  . 
nifces  the  only  fossils  that  have  yet  been  found  are  belemnites,  mostly  be¬ 
longing  to  the  section  Dilatati ,  and  including  one  very  broad  and  flattened 
form  ;  owing  to  the  abundance  of  these  fossils  the  group  has  been  referred 
to,  in  previous  publications  of  the  Survey,  as  the  Belemnite  beds.1 

The  age  of  this  group  is  clearly  secondary,  yet  on  some  sections  "the 
white  limestone  at  its  summit  contains  numerous  specimens  of  Ntimmu- 
lina  and  Alveolina ,  which  are  usually  regarded  as  indicative  of  a  tertiary 
age,  thus  introducing  an  anomaly  which  is  repeated  ,in  the  next  succeeding 
group. 

According  to  any  local  system  of  classification  the  next  succeeding 
group  of  strata  would  be  separated  from  those  just  described  and  united  to 
the  overlying  Nummuiitic  beds,  with  which  it  is  perfectly  conformable,  for 
there  is  a  slight  but  distinct  unconformity  at  the  top  of  the  Belemnite 
beds.  The  unconformity  is  unaccompanied  by  any  recognisable  want 
of  parallelism  of  stratification  between  the  beds  below  and  above  it,  but  is  ■. 
marked  by  a  considerable  degree  of  erosion  and  a  complete  change  of 
fauna,  none  of  the  belemnites  having  been  found  in  the  overlying  group. 

The  Dunghati  group  as  this  is  called,  from  a  hill  of  the  same,  name  east 
of  Spintangi,  is  an  important  and  interesting  one.  In  the,  neighbour¬ 
hood  of  Hurnai  it  is  essentially  a  limestone  formation  and  caps  the  bare 


1  Records,  XXV,  I g,  (1892). 
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argillaceous,  shaly  and  containing  (rarely)  ammonites.”  These  beds  are 
underlaid  by  a  dark  blue  fossil  if  erons  limestone  containing  Rhvnconellft. 
There  is,  however,  some  uncertainty  about  the  section,  for  near  KheMt  the 
white  limestone  appears  to  underlie  the  fossilifeemis  shales. 

There  is  some  indiration  in  this  description  of  the  massive  limestone, 
belem nitc  beds,  and  Dunghan  group  further  east,  and  with  one  exception 
the  fossils  recorded  would  accord  with  the  identification.  Ammonites , 
Ceratifes,  Crioce^as,  and  Be'emnites  have  all  been  found  in  the  eastern 
area,  and  Scaphites  might  well  accompany  them,  but  if  the  identification 
of  Orthoccrfls,  which  has  been  referred  to  in  a  previous  chapter,1  was 
correct,  it  must  belong  to  an  older  set  of  beds  than  cretaceous,  and  sug¬ 
gests  that  the  section  is  more  extensive  and  less  simple  than  Dr.  Cook's 
descriptions  would  indicate. 

In  the  Suldimdn  range,  west  of  Dera  Glidzf  Kbdn,  the  cretaceous  rocks, 
so  far  as  they  are  exposed,  comprise  two  well  rnatked  stages.  The  lower 
consists  of  dark  grey  limestones,  occasionally  sandy  or  shaly,  passing  down¬ 
wards  into  dark  to  bluish  grey,  often  nodular,  calcareous  shales.  The  lime¬ 
stone  abounds  in  indistinct  fossils,  especially  foraminifnse,  and  in  the  under¬ 
lying  shales  a  cepbalopod  belonging  to  the  Avrmonitida Inoceramus  and 
two  species  of  Exogyra  resembling-  cretaceous  forms  have  been  found.3 

These  beds,  of  which  about  1,500  feet  are.  exposed,  are  overlaid  by  about 
the  same  thickness  of  sandstones,  generally  white  or  pale  coloured,  brown, 
greenish  or  purplish  grey.  No  fossils  have  been  found  in  the  sandstones, 
and  no  unconformity  lias  been  detected  between  them  and  the  overly, 
mg  beds,  while  they  overlie  a  bed  of  pseudo  conglomeratic  limestone 
exactly  resembling  that  found  at  the  base  of  the  eocene  beds  of  eastern 
BaWchistan. 

Further  north,  in  the  neighbourhood  of  the  Takht-i-SuMiman,  the  same 
pale  sandstone  and  underlying  shales  and  limestone  are  found  underlaid 
by  some  hundreds  of  feet  of  massive  grey  limestone,  allowing  sections  of 
Imceramus  and  corals  on  the  weathered  surface,  whic  h  exactly  resembles 
the  massive  limestone  of  the  Quetta  neighbourhood,  and  is  probably .  of 
the  same  age.  West  of  the  Suldlmdn  range,  in  the  direction  of  the  Zhob 
valley,  this  massive  limestone  is  underlaid  by  a  great  thickness-  of  green 
and  grey  slaty  shales,  intercalated  with  beds  of  sandstone  and  a  few  of 
limestone,  from  which  no  fossils  have  as  yet  been  obtained.'1 

Before  passing  cn  to  the  cretaceous  beds  of  Afghanistan,  it  will  be 
interesting  to  notice  that  the  rocks  just  described  are  the  source  of  the 
petroleum  of  eastern  Baluchistdn  and  of  the  Sulahnan  range.  The  Balii- 
chistdn  petroleum  is  a  thick,  black,  tarry'  maltha,  traces  of  which  are  very 
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veins  and  lumps  of  bright  green  and  yellowish  chrysolite  where  in  contact 
with  the  limestone.  The  intrusions  are  numerous  and'  vary  in  size  down  . 
to  mere  wafer  like  strings,  .  '  s  ,  - 

The  acid  intrusive  rocks  are  varieties  of  quartzsycnite,  sometimes  . 
porphyritic  in  the  hills  crossed  by  the  Mai  wand  pass  west  of  Kandahar,  which 
occur  in  veins  and  dykes  varying  from  several  hundreds  of  feet  to  quarter 
of  an  inch  in  thickness,  in  the  larger  syenitic  masses  numerous  veins  of 
a  porpbyritic  rock  with  crystals  of  pink  orthoclase  imbedded' in  a  fine  ' 
grained  fclsitic  matrix  are  found.  Similar  syenitic  intrusions  were  ob¬ 
served  at  Dabfai  and  on  the  western  side  of  the  Khwdja-Amritn  pass. 
The  syenitic  intrusions  are  of  somewhat,  older  date  than  the  basaltic, - 
as  the  former  are  penetrated  by  dykes  of  the  latter. 

In  Afghdn-Turkistin  the  cretaceous  system  is  well  developed,  and  covers, 
a  large  area  of  ground  in  which  the  older  rocks  only  appear  as  inliers  here 
and  there,  The  lower  cretaceous  beds,  consisting  of  about  800  feet  of 
sandstones  and  shales  with  earthy  limestones  at  the  top,  are  said  to  be 
conformably  underlaid  by  the  red  neocomian  grits1  at  the  top  of  the 
plant  bearing  series.  The  upper  cretaceous  is  formed  by  about  1,800  to, 
2,000  feet,  thickening  to  4,000  in  the  sections  near  ,  Balkh,  of  white  thick 
bedded  limestone  with  occasional  sandstone  bands.  No  defined  subdivi¬ 
sions  were  recognised, but  the  limestones  may  be  divided  into  three  zones2;-- 

3.  Chalk  with  flints.  . 

a.  Concretionary  earthy  white  or  brownish  white  limestones,  occasionally  dolomitic. 

1.  Hard  white  splintery  limestones. 

In  the  north-west  Himalayas  the  cretaceous  .system,  apart  from  the 
possibly  cretaceous  Giumal  sandstones,  is  represented,  by  a  few  small 
patches  left  on  the  tops  of  some  of  the  hills  in  Spiti.  They  were  najfied, 
the  Chikkim  series  by  Dr.  Stoliczka,  who  described  it  as  consisting  of  a 
maximum  thickness  of  about  500  feet  of  bluish  or  greyish  white  limestone,' 
weathering  white,  with  occasional  earthy  bituminous  bands,  dverlaid  by 
about  200  feet  of  grey  or  darkish  an  fossil!  feroas  marly  shale.  The  lime¬ 
stone  yielded  several  fragments  of  Rurfistes  and  numerous  Fora m i niferm} 
Precisely  similar  limestones  were  observed  further  east  by  Mr.  Griesbacb' 
in  Hvmdes.  They  exhibit  no  features  calling  for  special  notice,  and  the 
fossils  collected  have  not  yet  been  described. 

To  the  north  hippun'tic  limestone  has  been  observed  in  the  Lokhzung. 
range,  north  of  the  Lintzihang  plain,4  and  at  Sanju/on  the  road  from 

!  Supra ,  p.  190.  ]  3  F.  Stoliczka,  Memoirs,  V,  116,  (1865). 

*  C.  L.  Griesbacb,  Records,  XIX,  253,  I  ‘-Drew:  Jnmmoo  arid.  Kashmir  TerritO  - 
(1886),  1  lies,  London,  1875,  p.  343. 
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Leh  to  Yarkand,  Or.  Stoliczka  recorded  the  presence  of  coarse  grey 
calcareous  sandstones  and  chloride  marls,  some  beds  being  almost  entirely 
composed  of  the  middle  cretaceous  Gryphxa  vesiculosa 

The  occurrence  of  cretaceous  beds  on  the  shores  of  the  Namcho  lake, 
about  75  miles  north  of  Lhasa,  is  proved  by  specimens  of  Omphalia  trotteii, 
which  were  brought  from  that  locality  by  one  of  the  native  explorers  of 
the  Trigonometrical  Survey  in  1876.3 


In  the  Assam  range  the  cretaceous  rocks  occur  both  on  the  plateau, 
where  they  lie  nearly  horizontal,  and  along  the  southern  edge,  where 
they  are  bent  down  to  a  steep  dip  in  a  monoclinal  flexure.  They  thin 
out  in  a  marked  manner  to  the  northward  on  the  section  south  of  Shillong, 
having  a  thickness  of  about  600  feet  at  the  edge  of  the  scarp,  while 
ten  miles  further  north,  near  Surarim,  there  is  only  about  100  feet. 
Still  further  north  there  are  some  small  outliers  which  lie  in  hollows  on  the 
surface  of  the  Shillong  quartzites  marking  the  position  of  pre-cretaceous 
valleys. 

It  is  in  these  little  primitive  basins  on  the  plateau  that  the  cretaceous 
coal  is  found,  one  of  them,  a  tiny  coal  basin  at  Mdobehlarkdr  between 
Surarim  and  Mauphlong,  having  for  years  supplied  the  station  of  Shillono-, 
The  mineral  itself  has  a  persistent  character  throughout  the  whole  cretaceous 
area.  It  is  remarkable  as  being  less  of  a  true  coal  than  is  that  of  the  over¬ 
lying  nummulitic  group;  the  texture  is  compact  and  splintery,  with  a 
smooth  conclioidal  pasture,  and  the  coal  gives  a  dull  wooden  sound  when 
struck.  It  has  the  additional  peculiarity  of  containing  numerous  specks  and 
small  nests  of  fossil  resin. 

The  most  persistent  member  of  the  cretaceous  series  is  known  as 
the  Cherra  sandstone,  about  200  feet  of  coarsish  hard  rock,  unfossiliferous 
except  for  some  vague  stem-like  vegetable  impressions,  which  comformably 
underlies  the  nummulitic  limestones.  1  he  next  most  constant  member 
is  the  basal  conglomerate,  whose  larger  components  are  almost  all  derived 
from  the  neighbouring  Shillong  quartzites,  and  are  generally  subangular. 
Varying  in  thicknes  from  20  to  100  feet,  it  everywhere  forms  the  base 
of  the  series,  but  whether  it  represents  a  definite  geological  horizon  is 
doubtful. 

in  the  Maobehlarkdr  coal  basin  the  basal  conglomerate  and  the  Cherra 
sandstone  are  in  contact,  but  at  the  south  scarp  of  the  plateau  they  are 
separated  by  glauconitic  sandstones,  overlaid  by  a  pale  fine  grained  sand¬ 
stone,  often  containing  broken  plant  remains,  and  in  places  marine  fossils. 

1  F.  Stoliczka,  Quart.  Jour.  Geol.  Soc.,  1  Mission,  Geology,  p.  22,  (3878). 

XXX,  S72,  (1874)  i  Records,  VII,  So,  (1874)  i  8  Records,  X,  21,  (1877). 
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These  beds,  about  400  feet  in-  thickness,  tbiflowt.  to  the  northward  hy  »» 
original  limit  of  deposition,  and  it  has  been  noticed1  that  the  riiairix  of  the 
basal  conglomerate,  at  the  different  levels,  partakes  of  the  nature  of  the 
corresponding  horizon  below  Chcrra,  and  on  all  the-  sections  there  is  more 
or  less  of  a  transition,  by  i  n  t  e  rs  l  ra  ti  li  cati  on ,  between  it  arid  the  particular  bed 
which  happens  to  overlie  it,  The  only  point  tending  to  cast  a  doubt  on  its- 
being  a  marginal  form  of  the  successive  sandstone  beds  -is  the  frequent 
occurrence  of  carbonaceous  matter  in  the  rock  immediately  above?  but 
this  is  not  conclusive. 

Where  the  beds  bend  over,  and  are  exposed  with  a  high  dip  in  the; 
low  ground  south  of  1  baria,  the  basal  conglomerate  is-  represented  by  S 
coarse  fcispathic  oclirey  sandstone,  while  the  overlying  beds,  ■  having  a 
thickness  of  about  1,200  feet,  consist  of  pale  grey  shales,  locafiy  nodular, 
calcareous,  or  ferruginous,  with  some  thin  layers  of  .earthy  limestone  01 
sandstone.  The  whole  series,  besides  being  thicker  than  that  exposed  01V 
the  plateau  north  of  the  tmicJiuaf  axis,  is  earthy  in  character,  instead  erf 
sandy,  implying  a  greater  distance  from  the  margin  of  the  sea.  ' 

The  marine  fossils  of  the  cretaceous  rocks  of  the  Khasi  hills-  hate 
already  been  mentioned, s  and  need  not  be  further  referred  to  here.  No 
fossils  have  as  yet  been  found  west  of  the  Khdsi  hills. 

In  the  Giro  hills  the  cretaceous  attains  a  considerable  development 
as  an  arenaceous  series,  containing  important  coat  seams  in  places.  The 
sandstones  of  the  plateau  are  horizontal  and  rest  on  a  more  deeply  eroded , 
and  irregular  surface  than  those  of  the  Kblsi  hills.  At  the  western  end 
of  the  range  the  sandstones  lap  round  the  end  of  the  Turd  gneissrc  ridge, 
and  the  original  relations  of  the  rocks  are  nowhere  better  seen  than 
here.  The  spur  on  which  the  station  of  Tara  stands,  some  2,000  feet 
below  the  crest  of  the  ridge  has  a  midrib  of  gneiss,  with. sandstone  on  both 
sides,  through  which  the  streams  have  again  excavated  their  channels.  : 
There  is  but  little  disturbance  in  this  locality,  arid  it  is  .pkrin  that  tbs 
ridge  must  have  stood  as  it  docs  now  when  these  sandstones  were  -Said' 
down,  ,  , 

East  of  the  Khasi  hills,  throughout  the  south-east  portion  of  the 
Jaintia  hills  from  the  neighbourhood  of  Jow-ai  eastwards,  cretaceous  rocks  ’ 
are  found  at  the  surface,  horizontal  or  nearly  so,  and  to  the  eastwards  pas* 
conformably  beneath  the  tertiaries  near  the  Kapil i  (Kopili)  river.  Beyond 
this  we  have  only  isolated  observations ;  the  thin  bedded  sandstones  at  the; 
falls  of  the  Kapili  are  believed  to  -  be  cretaceous,  and  typical. cretaceous 
coal  is  associated  with  sandstone  and  soma  hard  sandy  limestone  resting 
fiat'g?  on  the  gneiss  in  the  Nambar  and  Doigrurvg  valleys,  near  GoIdghiU,  - 


!  IFF.  Me.-tficott,  Mcmefrs,  VII,  lyt,  (fS 69),  j 
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The  existence  of  cretaceous  beds  in  the  Arakan  Yoma  is  only  shown 
by  the  discovery  of  one  species  of  mollusc  in  a  single  locality  near  Ma-f 
in  the  northern  part  of  the  Sandoway  district  of  Arakan.  The  species 
found,  Ammonites  inflatus ,  is  a  characteristic  Cenomanian  cephalopod, 
common  in  the  Utatur  beds  of  Southern  India.-  The  only  specimen 
obtained  was  picked  up  in  the  bed  of  a  stream,  and  had  evidently  been 
derived  from  some  shales  in  the  neighbourhood.  No  other  specimens 
nor  other  fossil  of  any  kind  could,  however,  be  found. 

What  may  be  the  extent  of  the  cretaceous  beds,  and  which  strata  should 
be  referred  to  this  group,  are  matters  on  which  but  little  trustworthy  in¬ 
formation  has  been  obtained.  Mr.  Theobald  was  disposed  to  consider  that 
a  peculiar,  compact,  light  cream  coloured,  argillaceous  limestone,  resem¬ 
bling  indurated  chalk,  sometimes  speckled  from  containing  sublenticular 
crystalline  particles,  belongs  to  the  cretaceous  system.  This  limestone 
has  been  traced  at  intervals  from  near  Ma-i,  about  thirty  miles  north 
of  Tongup  (Toungoop),  to  the  neighbourhood  of  Sandoway,  whilst  some¬ 
what. similar  limestone,  though  not  so  characteristic,  may  be  traced  t-o 
Kean  tali,  some  thirty  miles  farther  south.  The  same  limestone  is  found  in 
the  western  part  of  Ramrf  Island.  Another  peculiar  formation  is  a  greyish 
rather  earthy  sandstone,  with  a  pisolitic  structure  in  places,  due  to  the 
presence  of  small  globular  concretions  of  carbonate  of  lime  and  iron.  The 
concretions  decompose  and  leave  small  holes,  which  impart  to  the  earthy 
sandstone  the  aspect  of  an  amygdaloidal  trap.  Like  the  limestone,  this 
peculiar  sandstone  is  traced  from  Ma-f  to  near  Keantali,  a  distance  of  94 
miles,  and  if,  as  appears  probable,  these  beds  are  really  cretaceous,  for 
both  are  closely  associated  with  the  shale  from  which  the  ammonite  had 
apparently  been  derived,  the  rocks  of  this  formation  may  be  considered  as 
extending  at  least  the  distance  mentioned.  The  strata  ascribed  to  the 
cretaceous  group  are  less  hardened  and  metamorphosed  than  the  other 
rocks  of  the  Arakan  Yoma;  they  are  of  great  thickness,  and  may  include 
all  the  beds  of  the  main  range  of  the  Yoma,  as  far  south  as  Keantali.  No 
rocks  which  can  be  referred  to  the  Ma-f  group  have  been  detected  east  of 
the  main  Arakan  range  in  Pegu.  To  the  northward  their  range  is 
unknown,  but  a  limestone  resembling  that  of  the  Ma-f  group  was  seen  in 
the  hills  east  of  Manipur.1 


Apart  from  those  just  mentioned  no  rocks  of  cretaceous  age  arc  known 
to  exist  in  Burma,  though  there  is  a  probability  that  they  may  be  repre¬ 
sented  in  Tenasserim.  On  the  Lenya  river,8  in  the  extreme  south  of  the 
province,  a  bed  of  coal  occurs,  of  very  laminated  structure  and  containing 
numerous  small  nodules  of  a  resinous  mineral,  like  amber.  This  peculiar 
XIX,  223,  <|S$3)  ;  Supra  p,  148-  I  s  T-  Ol.llAm,  Sr/.  AV.  Curt.  l,„l  ,  X,  .|\ 
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a.wwiutimt  of  mineral  resin  is  characteristic. of  the  cretaceous  coals  in  the 
.A:w:im  hills,  and  it  is  possible  that  the  Tcuasserim  mineral  Is  of  the.  mme&frej .. 
At  the  saui>;  time  no  pakc-owtoJogical  evidence  has  been  discovered,  the  rocks 
associated  with  the  coal  are  soft  clays  and  sands,  having  a  more  recent 
appearance  than  those  accompanying  the  other  coal  seams  of  the  Tenas- 
scrim  province,  mid  these  other  coal  scams  arc,  it  is  believed,  not  ‘older 
than  eocene.  The  coal  occurs  in  an  irregularly  developed  bed,  varying 
from  i  to  5  feet,  or  rather  more,  in  thickness,  with  thin  layers  of/ line  . 
jelly  coal  between  bands  of  hard  black  shale,  and  rests  on  clay  with  • 
vegetable  remains,  and  patches  of  jet  coal.  Thin  coal  laminae  are  also  • 
found  in  the  associated  strata,  .  - 

Below  the  rocks  immediately  associated  rvith  the  coa!  are  fine,  whitish  . 
earthy  sandstones  and  indurated  day,  passing  into  marl,  with  some  corn 
glomerales.  Above  the  coai  is  a  series  of  soft  muddy  sandstones,  marls, 
conglomerates  and  a  few  seams  of  carbonaceous  matter.  Tire  whok  may¬ 
be  600  feet  thick.  1  he  dip  is  considerable,  about  35®  and  the  rocks 
have  undergone  disturbance  and  faulting,.  Nothing  has  been. ascertained  ‘ 
as  to  the  relations  of  the  coa)  bearing  beds  to  other  formations,  indeed . 
all  that  is  known  of  the  Lenya  river  coai  is  the  result  of  a  hurried  visit 
to  a  locality  very  difficult  of  access.  ,  ,  ■. 

1  Mr,  Bose  (MS.  Report,  1892)  regards  these  I  iarly  ill  adapted  to  geological  Investigation 
beds  33  belonging  to  the  Mauhaaio  series,  cf j and  the  examination  wan  necessarily  incous* 


CHAPTER  XIII. 


TERTIARY  DEPOSITS. 


(. Excluding  those  of  the  Himalayas .) 

Quilon  and  Ratnagiri— Surat— Sind  and  Baltichistdn— Cutch  and  Kdthiawdr— Afghanistan - 
Rdhdt*— Assam — Burma. 

No  tertiary  beds  are  known  in  the  Indian  Peninsula  except  in  the  im¬ 
mediate  neighbourhood  of  the  coast,  and  if  we  exclude  certain  unfossiliferous 
sandstones,  now  regarded  as  subrecent  though  possibly  of  upper  tertiary 
age,  they  are  confined  to  a  few  small  exposures  on  the  west  coast,  the 
most  southerly  of  which  is  near  Quilon,  in  Travancore. 

The  earliest,  and  practically  still  the  only,  information  published  on 
the  occurrence  of  tertiary  beds  in  Travancore  is  comprised  in  some 
notes  supplied  by  General  Cullen  to  Dr.  Carter,  and  published  by  the  latter 
in  his  ‘  Summary  of  the  Geology  of  India/1  Beneath  the  laterite  of  the 
neighbourhood  of  Quilon,  at  a  depth  of  about  40  feet  from  the  surface, 
grey  fossiliferous  limestdlhe  (or  dolomite  according  "to  General  Cullen) 
is  found,  partly  compact  and  partly  loose  and  rubbly.  This  limestone 
is  exposed  beneath  a  laterite  cliff  near  the  coast,  four  or  five  miles  north¬ 
east  of  Quilon,  ahd  the  same  rock  has  been  found  in  the  neighbourhood  of 
the  town  at  a  depth  of  about  40  feet  in  numerous  wells,  many  of  which 
were  sunk  or  deepened  by  General  Cullen  for  the  purpose  of  ascertaining 
the  presence  of  the  limestone.  Further  south,  near  Warkalli,  twelve  to 
fourteen  miles  south  of  Quilon,  the  cliffs  on  the  coast  expose,  beneath  the 
laterite,  beds  of  brightly  coloured  sand  and  clays  with  bands  of  lignite, 
abounding  in  fossil  resin  and  iron  pyrites,  both  in  lumps  of  considerable 
size.  The  sandy  beds  overlie  the  lignites  and  clays, 

The  limestone  contains  marine  shells  in  abundance,  amongst  which 
Dr.  Carter  recognised  S trombus  fortisi,  Cassis  sculpta,  Voluta  jugosa, 
Ranella  bufo,  Conus  catenulatus,  Conus  marginatus,  and  Ceritkium  rude, 


•  Jour.  Bo.  Br.  Roy.  As.  Soc.,  V,  3°».  (1857)  ; 
and  Geological  Papers  on  Western  India,  Bom¬ 
bay,  1857,  pp.  740  and  743,  footnote.  This  foot¬ 
note  is  an  addition  to  the  original  summary. 
The  very  small  outcrop  was  not  found  during 


the  geological  examination  of  the  Cochin 
neighbourhood.  The  locality  had  been  incor¬ 
rectly  defined  in  the  first  instance,  but  its 
existence  was  subsequently  verified  by  Mr. 
Logan;  Records ,  XVII,  9,  (1884). 
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besides  species  of  several  other  genera  resembling  forms  found  in  the 
tertiary  beds  of  Sind  and  Cutch,  A  species  of  Orbitolitet  (?)  -was 
described  by  Dr.  Carter  ass  O,  malabarica.  All  the  mollusca  identified 
belong  to  species  occurring  also  in  Cutch  and  Sind,  and,  so  far  as  is. 
known,  in  beds  of  later  date  than  the  nurnmulitic  limestone,  No  plants 
appear  to  have  been  collected  from  the  lignite  beds.  .  ' 

Another  deposit  of  obscure  date  and  origin  has  been  found  beneath 
laterite  at  Ratnigiri  (Rutnagherry)  on  the  western  coast.1  White  or 
blue  clays  with  thin  carbonaceous  seams  are  found  in  various  quarry  and 
Well  sections  near  the  town  beneath  a  considerable  thickness  of  laterite,  ’ 
35  feet  in  one  case.  Some  of  the  clay  is  said  to  be  sandy  or  gravelly, 
Above  the  deposit  is  a  layer  of  hard  ironstone,  about  an  inch  thick,  but 
said  sometimes  to  be  thicker.  As  in  Travancore,  fruits  and  leaves  are 
found  in  the  clay  and  lignite,  together  with  mineral  resin  and  pyrites. 
No  specimens  of  the  organisms  found  appear  to  have  been  collected;.  The 
beds  are  only  a  few  feet  thick,  27  in  one  section  measured  by  Dr,  de  ' 
Crespigny,  and  rest  unconformably  upon  Deccan  trap. 

There  is  but  little  evidence  to  connect  this  deposit  with  the  TtavancorC 
beds,  but,  owing  to  some  similarity  of  mineral  character,  the  presence 
of  lignite  in  both,  and  the  circumstance  that  both  underlie  laterite,  they 
have  been  classed  together. 


The  tertiary  rocks  in  Surat  and  Broach  2  are  almost  confined  to  iwO 
tracts  of  country,  separated  from  each  other  by  the  alluvium  of  the  river 
Kim,  a  small  stream  running  to  the  sea  from  the  Raj pipla  trap  area.  The, 
southern  tract  is  the  smaller,  extending  about  ten  miles  north  from  the  Tdpti 
river  and  being  about  fifteen  miles  broad  from  east  to  west ;  the  other 
area,  between  the  Kim  and  Narbadd,  extends  about  thirty  miles ,  from 
north-east  to  south-west,  and  is  about  twelve  miles  across  where  widest.  It) 
both  the  few  good  exposures  of  rock  which  occur  are  to  the  .eastward. 

At  the  base  of  the  tertiary  formations,  north-east  of  Surat,  are  thick 
beds  of  ferruginous  clay,  assuming,  where  exposed,  the  characteristic  brown 
crust  and  pseudo-scoriaceous  character  of  laterite,  from  which  they  differ 
in  no  respect.  These  beds  at  first  sight  appear  to  be  of  volcanic  origin, 
an  idea  which  is  strengthened  by  the  neighbourhood  of  the  traps  on  which 
they  rest,  but  close  examination  has  shown  that  they  are  really  sediment¬ 
ary  deposits,  although  composed,  in  all  probability,  of  materials  derived 
from  the  disintegration  and  denudation  of  the  trap,  -  With  Them  are  inter- 
stratified  beds  of  gravel  or  conglomerate,  containing  agate  pebbles  derived 
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from  the  traps  and  limestone,  sometimes  nearly  pure,  but  more  frequently 
sandy,  argillaceous,  or  ferruginous,  and  abounding  in  nummulites  and  other 
fossils.  The  thickness  of  the  whole  can  only  be  roughly  estimated  at 
between  500  and  1,000  feet. 

These  beds  are  well  seen  on  the  banks  of  the  Tipti  below  BodMn,  a 
village  eighteen  mil^s  east  by  north  from  Surat.  They  extend  thence 
to  the  northward  through  Tarkesar  to  the  Kim  alluvium,  and  again  north 
of  the  Kim  to  the  neighbourhood  of  a  village  called  Wdgalkhor,  about 
twenty-four  miles  north-north-east  of  Bodhdn,  and  seventeen  east  by  south 
of  Broach,  North  of  this  they  appear  to  be  overlapped  by  higher  beds. 

The  nummulitie  limestones  and  their  associates  are  distinctly  uncon- 
formable  to  the  underlying  traps,  and  rest  upon  the  denuded  edges  of  the 
latter.  Amongst  the  fossils  found  in  the  lower  tertiary  beds  are  Nummu¬ 
lites  ramondi ,  N.  obtusa ,  N.  exponens  (or  N.  granulosa ),  Orbitoides  dis- 
pansa  and  some  other  species  which  are  common  in  the  Kirthar  beds 
of  Sind,  together  with  Ostrea  jiemingi ,  Rostellaria  preslviichi,  and 
Natica  longtspira,  which  are  particularly  characteristic  of  the  Rinikot 
group,  and  Vulsella  legumtn  found  in  both.  Some  other  fossils  have  been 
identified  with  species  found  at  a  higher  horizon,  but  the  identification 
appears  doubtful.  The  nummulitie  beds  of  Surat  and  Broach  may  safely  be 
classed  as  eocene. 

Above  the  limestones  and  lateritic  beds  there  is  found  a  great  thickness 
of  gravel,  sometimes  cemented  into  conglomerate,  together  with  sandy  clay 
and  ferruginous  sandstone,  often  calcareous.  These  higher  beds  are  poorly- 
exposed  in  the  Tdpti  and  Kim  rivers,  but  they  are  well  seen  in  the  stream 
which  runs  past  Ratanpur,  east  of"  Broach.  Here,  they  consist  chiefly  of 
sandstone,  gravel,  and  conglomerate,  with  occasional  beds  of  red  and  white 
clay  and  shales.  The  pebbles  in  the  gravels  and  conglomerates  -consist 
chiefly  of  agates  and  quartzose  minerals  derived  from  the  trap,  and 
from  some  of  these  beds  near  Racanpur,  east  of  Broach,  the  agates  and 
carnelians  are  obtained  which  have- from  time  immemorial  supplied  the 
lapidaries  of  Cambay.  At  the  base  of  the  teitiary  beds  in  this  direc¬ 
tion  is  a, coarse  conglomerate  composed  of  large  rolled  fragments  of  basalt, 
but  it  is  uncertain  whether  this  bed  belongs  to  the  upper  tertiary  group 
or  to  the  lower  tertiaries,  as  it  is  not  quite  clear,  owing  to  the  few  sections 
exposed,  whether  the  lower  eocene  beds  are  completely  overlapped 
to  the  northward,  or  merely  represented  by  unfossiliferous  beds  of  a 
different  mineral  character.  Like  the  underlying  beds,  the  higher  tertian- 
strata  have  a  steady  dip  to  the  westward,  and  (he  thickness  of  the  whole 
tertiary  series  exposed  near  Ratanpur  appears  to  he  between  4,000  and 
5,000  feet,  but  this  estimate  is  based  on  a  very  imperfect  exposure  of  the 
rocks.  Of  course,  if,  as  appears  possible,  the  lower  beds  are  overlapped,  the 
whole  of  this  thickness  consists  of  the  upper  members  of  the  series. 
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No  nummuliles  are  found  in  these  upper  tertiary  betid,  and  the  few 
fossils  discovered  in  them  appear  to  dilfer  from  those  in  the  .  nummulitic 
limestones  below.  The  commonest  organic  remains  are  valves  of  Balatti, 
which  arc  also  abundant  in  the  G£j  (miocene)  rocks  of  Sind.-  The  abund¬ 
ance  of  Bnlaiti  and  the  absence  of  Nummulites  together  form  strong 
reasons  for  believing’  that  the  upper  beds  of  Surat  and  ’ Broach  are  of 
later  date  than  eocene,  -  .  . 

It  is  far  from  certain  whether  any  pliocene  beds  are  found  in  eastern 
Gujardt  They  occur  in  Kdthiawdr  and  on  Perim  Island  in  the  Gulf  of 
Cambay,  and  further  search  may  detect  them  in  Surat  and  Broach. 


Tertiary  deposits  are  found  in  the  debateable  ground  west  of  the 
Ardvallis  which  belongs  structurally  to  the  peninsular  and  stratigrapl.icaily 
to  the  extra-peninsular  area,  and  in  the  extra-peumsuiar  area  they  attain 
an  immense  development,  both  as  regards  their  thickness  and  the  area 
they  cover.  Taken  as  a  whole,  and  ignoring  local  breaks  in  the  continuity 
of  deposition,  they  form  a  great  system  of  deposits  whose  lower  portion  is  a 
marine  formation  while  the  upper  consists  of  fresh  water  subaerial  deposits; 
The  distinction  is  not  absolute,  nor  can  the  line  of  demarcation  between 
the  two  types  be  everywhere  drawn  on  the  same  horizon,' yet  the  distinc¬ 
tion  is  a  real  and  important  one.  Everywhere,  from  Sind  on  the  one  hand 
to  Burma  on  the  other,  the  eocene  deposits  are  marine  and  the  pliocene 
fresh  water  or  subaerial,  with  the  possible  exception  of  the  pliocene  beds 
of  the  Irawadi  valley,  and  wherever  there  is  a  continuous  succession  of 
deposits,  there  is  a  gradual  transition  from  the  one  type  to  the  other. 

It  will  be  well  to  commence  the  general  description  of  the  extra-penin¬ 
sular  tertiaries  with  those  of  Sind,  as,  owing  to  the  completeness  of  the 
section  there  and  the  abundance  and  excellent  preservation  of  the  fossils 
of  the  various  horizons,  it  may  well  be  regarded  as  a  type  area  for  the  rest 
of  India.  At  the  same  time  the  tertiaries  of  those  adjoining  areas  will  be 
noticed  where  the  Sind  rock  groups  have  been  recognised  with  some  degree 
of  certainty,  those  of  Cutch  and  KMiidwar,  where  they  arc  less  distinctly 
represented,  being  taken  separately.  After  noticing  the  tertiaries  of 
Afghanistan  and  the  western  frontier,  those  oi  Assam,  and  finally  Burma, 
will  be  described,  tlie  consideration  of  the  Himalayan  tertiartcs  being 
more  conveniently  postponed  to  the  following  chapter. 

The  great  series  of  tertiary  deposits  of  Sind  has-been  divided  into  the 
following  groups  or  subdivisions,  whose  approximate  correlation  with  the  . 
European  sequence  is  given—  '  ; 

Martchhaf,  S,ooo— io,qqo  ft,  ,  .  Upper  -miocene  to  pliocene:  .  ' 

G£i,  100-1,500  ft.  .  .  ,  Miocene .  -  ■’ 
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Nari,  500-  6,000  ft.  .  Upper  eocene  to  lower  miocene. 

Kirtar,  6,000—9,006  ft.  .  .  .  Eocene. 

RAnikot,  2,000  ft.  .  .  ,  Lower  eocene. 

The  lowest  group  of  the  Sind  tertiaries,  which  lies  with  perfect  con¬ 
formity  on  the  Cardita  beaumonti  beds  described  in  the  last  chapter, 
derives  its  name  from  a  hill  fortress  of  Sind  Amirs,  situated  in  the  Lakhi 
range  of  hills,  known  as  Ranikot  and  also  as  Mohan-kot,  from  the  Mohan 
stredm,  which  traverses  the  fortification.1  The  Rdnfkot  group  is  much  more 
extensively  developed  in  Sind  than  the  underlying  cretaceous  beds,  for 
although  it  is  confined  to  lower  Sind,  and  although  its  base  is  only  seen 
in  the  Lakhi  range,  north  of  Rdnikot,  its  upper  strata  occupy  a  consider¬ 
able  tract  of  country. 

All  the  lower  portion  of  the  Rdnikot  group,  including  by  far  the 
greater  portion  of  the  beds,  consists  of  soft  sandstones,  shales  and  clays, 
often  richly  coloured  and  variegated  with  brown  and  red  tints.  Gypsum 
is  of  frequent  occurrence.  Some  of  the  shales  are  highly  carbonaceous 
and  occasionally  sufficiently  pyritous  to  be  used  in  the  manufacture  of  alum, 
In  one  instance  a  bed  of  coal  (or  lignite),  nearly  six  feet  thick,  was  found, 
and  a  considerable  quantity  of  the  mineral  extracted.2  The  quality  was 
poor,  the  coal  decomposed  rapidly  and  was  liable  to  spontaneous  com¬ 
bustion  owing  to  the  quantity  of  iron  pyrites  present,  whilst  the  deposit 
was  found  to  be  a  small  patch,  not  extending  more  than  about  100  yards 
in  any  direction.  The  only  fossils  found  in  the  lower  portion  of  the 
Rdnikot  group,  with  the  exception  of  a  few  fragments  of  bone,  have  been 
plants,  some  dicotyledonous  leaves,  hitherto  not  identified,  being  the  most 
important.  All  the  Rdnikot  beds,  except  towards  the  top  of  the  group, 
have  the  appearance  of  being  of  fresh  water,  and  are  probably  of 
flnviatile  origin. 

A  variable  portion  of  the  group,  however,  towards  the  top,  consists 
of  highly  fossiliferous  limestones,  often  light  or  dark  brown  in  colour 
interstratified  with  sandstones,  shales,  clay's,  aud  ferruginous  bands.  These 
are  the  lowest  beds  in  Sind  containing  a  distinctly'  tertiary  marine  fauna. 
The  broyvn  limestones  are  well  developed  around  Lynyan,  east  of  Band 
Vero  and  north-nest  of  Kotri,  and  throughout  the  area  of  Ranikot  beds 
near  Jerruck  and  Tatta  In  this  part  of  the  country  there  appears  to  be  a 
complete  passage  upwards  into  the  overlying  nummulitic  limestone  (Kir- 
thar),  but  in  the  Lakhi  range  the  upper  marine  beds  of  the  Ranikot  group 
are  poorly  represented  or  wanting,  and  it  is  evident  that  the}' were  removed 
by  denudation  before  the  deposition  of  the  Kirtliar  limestone,  for  the 
latter  is  seen  at  Hothian  pass  resting  upon  their  denuded  edges. 

The  greatest  thickness  of  the  Rdnfkot  group  in  the  Lakhi  range,  where 
alone  the  base  of  the  group  is  visible,  is  about  2,000  feet,  but  generally 
1  Memoirs,  XVII,  37,  (1879).  1  :i  Memoirs,  VI,  13,  (iS6y). 
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the.  amount  is  rather  less,  about  1,500.  It  must,  however,  be  recollected 
(hat  in  this  locality  some  of  the  upper  marine  beds  are  wanting, 
and  as  these  marine  limestones  and  their,  intercalated  shales,  sand*- 
stones,  etc.,  are  700  or  800'fcet  thick  in  places  north-west  of  Kotri,  it  is 
evident  that  the  original  development  of  the  group  exceeded  the 
g ,ooo  feet  seen  in  the  Lakhi  range,  '  '  '  . 

The  fossils  of  the  Rimkot  group  1  indicate  a  lower  eocene  age,-  though 
cretaceous  affinities  are  not  wanting.  The  Nautili  are  all  connected’with 
cretaceous,  rather  than  terliary,  types,  a  Terebratula  is  undistinguishable 
from  T,  sub  rotunda ,  one  of  the  commonest  upper  mesozoic  types;.  On  the 
other  band,  the  presence  of  nummulites,  and  the  general  aspect  of  the  , 
mollusca,  indicate  a  lower  eocene  age.  The  only  fossils  which  have  been 
critically  examined  are  the  corals  and  echinodcrms.  In  neither  case  is  the 
result  decisive,  but  the  corals  comprise,  out  of  a  total  of  50  species,  •  j- 
species  identical  with  Europ  ean  eocene  species  and  5  closely  allied  to 
forms  found  on  that  horizon  or  in  slightly  newer  rocks.  '  -  -  "  ' 

In  the  Mari  hills  of  eastern  Baldchistdn  the  base  of  the  strata  regarded- 
as  nummulitic  is  marked  throughout  by  a  peculiar  pseudo-conglomerate 
which  has  also  been  recognised  in  the  Gaj  river  in  Sind  on  the  one  liaftd 
and  in  the  southern  portion  of  the  Suteimdn  range  on  the  other.  It  has 
the  appearance  of  being  composed  of  subangular  fragments  of  dark  grey  1 
limestone,  imbedded  in  a  limestone  matrix  of  paler  colour,  both  matrix  - 
and  pebbles  containing  numerous  small  nummulites,  though  no  difference 
can  be  traced  between  the  forms  found  in  the  two  portions  of  the  rock.  - 
The  resemblance  of  this  rock  to  a  true  conglomerate  is  especially  striking 
in  the  sections  near  Kbattan,  but  the  similarity  of  the  fossils  found -in  .the  . 
apparent  pebbles  and  in  the  matrix,  the  comparative  uniformity  ■  in 
thickness  of  this  band,  which  lies  among  fine  grained  shales,  .the  absende 
of  any  known  rock  from  which  the  pebbles  could  be  derived,  and  the 
presence  of  every  gradation  from  the  most  conglomerate  like  form  to  a  - 
merely  mottled  limestone,  al!  point  to  the  structure  being  in  some  way  ot 
concretionary  origin.3  '  .  ..  • 

Above  the  .pseudo-conglomerate,  which  has  hee.n  accepted  as  the  base  of 
the  tertiaries,  there  comes  a  great  thickness  of  green  and  grey-shales  with 
interbedded  impure  sandstones  which  arc,  as  regards  both  ■  their-  litho¬ 
logy  and  stratigrapbical  position,  the  equivalent  of  the-  Rinfkot  group  In, 
Sind,  but  owing  to  the  fossils  not  having  been  examined  and  the -homo- 
taxis  verified,  they  have  as  yet  been  provisionally  described  as  the  Ghizij- 
group.8  Along  the  outcrop  of  this  group,  from  Mach  in  the.  Boiau  pass  -to 
1  A  details -1  list  will  be  found  in  Memoirs ,  j  *  W.  T.  Stanford,  Memoirs,  XJt,  M9,  ;  ’ 

XVII,  197,  (1870).  The  corals  and  echinoderms  I  R.  D.  Oldham,  Records,  XX1H,  9+.  (1S90).  . 

ars  described  in  Pal.  hidisa,  series  xiv,  I,  ]  3  Records,  XSilf,  95,  <1890).  ‘  .  ; 

pta.aat.d3,  (rSSo-36).  '  !  '  ,  w  .  . 
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Hurnai,  coal  seams  are  found  near  top,  which  attain  a  maximum  thickness 
of  about  three  feet  and  have  proved  of  great  economic  importance  in  a 
country  where  fuel  is  so  scarce.  The  distribution  of  the  coal  seams  is 
peculiar.  Besides  the  localities  mentioned,  coal  has  been  found  north  of 
the  Thai  Chotiali  plain  and  in  the  Luni  Pathdn  country  to  the  east,  in 
every  case  close  to  the  western  limit  of  the  known  exposures  of  this  group, 
while  to  the  eastwards  the  group  ceases  to  be  coal  bearing.  As  the  coal 
searns  were  doubtless  formed  in  marshes  near  the  margin  of  the  sea,  and 
as  the  only  rocks  known  westwards  of  the  present  limit  of  the  group  are 
either  older  or  very  much  newer,  it  would  seem  that  the  original  western 
limit  of  deposition  cannot  have  been  far  removed  from  the  present  limit 
of  outcrop,  at  any  rate,  in  the  country  east  of  Quetta. 

Further  north,  in  the  Suliiman  range,  very  similar  shales  are  found 
immediately  overlying  the  upper  cretaceous  sandstone,  but  they  differ  from 
what  is  seen  in  the  southern  sections  in  the  prevalence  of  a  red  colour 
throughout  the  greater  portion  of  the  thickness  of  the  shales. 

In  both  these  areas  the  relation  of  the  lowest  tertiary  to  the  underlying 
beds  is  one  of  perfect  conformity,  and  they  form  part  of  a  continuous 
system  of  deposits  with  the  upper  cretaceous  beds,  as  has  been  mentioned 
in  the  last  chapter. 

The  RAnikot  group  in  Sind  is  overlaid  by  the  Kirtbar  group,  so  called 
from  the  frontier  range  of  hills  of  that  name..  Though  inferior  in  thick¬ 
ness  to  several  other  subdivisions  of  the  tertiary  series  in  Sind,  this  group 
comprises  by  far  the  most  conspicuous  rock,  the  massive  nummulitic  lime¬ 
stone  which  forms  all  the  higher  ranges  in  Sind.  It  forms  the  crest  of  the 
Kirthar  range  throughout,  and  all  the  higher  portions  of  the  Lakhi  range, 
of  the  Bhit  range  south-west  of  Manchhar  lake,  and  of  several  smaller 
ridges,  and  consists  of  a  mass  of  limestone,  varying  in  thickness  from  a 
few  hundred  feet  in  lower  Sind  to  about  1,000  or  1,200  at  the  Gaj  river, 
andprobably  2,000,  or  even  3,000,  farther  north.  The  colour  is  usually  pale, 
either  white  or  grey,  sometimes,  but  less  frequently,  dark  grey,  the  texture 
varying  fjom  hard,  close,  and  homogeneous,  breaking  with  a  conchoids! 
fracture,  to  soft,  coarse  and  open.  Ordinarily  the  nummulitic  limestone 
is  tolerably  compact  but  not  crystalline,  and  chiefly  composed  of  for,?, 
mimfera ,  especially  whole  or  fragmentary  Nummulifcs  ;  corals,  eehino- 
derms,  and  molluscs  also  abound,  but  the  two  fatter  very  frequently  only 
weather  out  as  casts. 

Throughout  northern  Sind,  except  near  Roliri,  no  hods  are  seen  be¬ 
neath  the  Kirthar  limestone.  The  remarkable  range  of  low  hills,  surround¬ 
ed  by  Indus  alluvium,  and  extending  for  more  than  forty  miles  south  from 
Rohri,  consists  of  nummulitic  limestone,  hating  a  low  dip  to  the  westward, 
and  a  considerable  thickness  of  pale  green  gypseous  clays,  with  a  lew  band- 
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of  impure  dark  limestone  and  calcareous  shale,  is  exposed  beneath  the  lime- 
ptone  forming  the  eastern  scarp  of  the  hills,  on  the  edge  of  the  alluvial, 
plain.  No  Foraminijeru  have  been  found  in  these  beds,  although  Num-  ■ 
mulites  abound  in  the  limestone  immediately  overlying.  Several  species  of 
mollusca  occur,  but  none  are  characteristic,  and  it  is  far  from  dear  whether  ' 
the  green  clays  and  their  associates  are  merely  thick  bands  intercalated  in  . 
the  limestone,  or  whether  they  belong  to  a  lower  group.  Probably  these, 
argillaceous  beds  of  the  Robri  hills  represent  some  of  the  marls,- shales 
and  clays  forming  the  lower  portion  of  the  upper  Kirthar  group  on  the 
Gaj  river. 

In  some  places  west  of  Kotri  a  band  of  argillaceous  and  ferruginous 
rock  is  found  close  to  the  base  of  the  Kirthar  group,  it  is  mainly  composed 
of  brown  haematite,  weathers  into  laierite  and  appears  to  be  found  over  a 
considerable  area  near  Kotri  and  Jerruck.  ,, 

It  has  already  been  mentioned  that  the  Kirthar  limestone  rests  tsneon- 
formably  on  the  Ranikot  group  in  the  Laklii  range.  '  The  Kirthar  group 
here  cannot  be  much  more  than  500  or  600  feet  thick,  and  consists  en¬ 
tirely  of  limestone.  To  the  south-east,  towards  Kotri  and  Tatta,  there  is 
no  unconformity  between  the  Ranikot  and  Kirthar  groups;  -on  the 
contrary  there  is  an  almost  complete  passage  between  the  two,  and  the  . 
limestone  of  the  latter  becomes  much  split  up  and  intercalated  with  shales 
and  sandy  beds.  This  is  even  more  the  case  further  to  the  south-east  in 
Cutch,  where  the  whole  group  consists  of  comparatively,  thin  beds  of 
limestone,  interstratified  with  shales.  To  the  south-west  the  massive 
limestone  dies  out  altogether,  and  although  it  is  well  developed-  in  the 
southernmost  extremity  of  the  Kirthar  range  n ear  Karchat,  about  50 
miles  south  of  Sehwin,  it  disappears  entirely  within  a  distance  of 
12  or  14  miles,  and  is  entirely  replaced  by  shaly  limestones,  shales,.  ■ 
and  thick  beds  of  sandstone  in  the  ranges  on  the  Hab  river.  Some 
rather  massive  beds  of  nummuliferous  dark  grey  limestone,  '  very 
different  in  character  from  the  pale  coloured  Kirthar  limestone,  are  ' 
found  west  of  the  Hab.  but  their  precise  position  in  the  series, is  not 
known,  and  the  rocks  appearing  from  beneath  the  Nari  group,  in  the 
place  of  the  Kirthar  limestone,  consist  of  shales  and  sandstones,  with 
some  calcareous  bands  abounding  in  nmnmuiites,  and  closely  re¬ 
sembling,  both  in  character  and  in  the  species  ' of  Foraminifera  they 
contain,  the  numimilltic  shales  beneath  the  massive -.limestone  on  the 
Gaj  river,  .  .  .  i  ,  . 

The  most  characteristic  fossils  of  the  Kirthar  group  are  NummnUt.es  and  ' 
Alvcolma ,  the  extraordinary  abundance  of  individuals  rendering  it  usually 
easy  to  recognise  even  small  fragments  of  the  rock  by  the  organisms 
preserved  in  it  Many  of  the  species,  and  especially  the  Foraminifera 
are  characteristically  eocene,  and  there  can  be  .no  question  that  .the  ' 


KIRTHAR  GROUP  IN 


I.UCmSTAN. 


Chap.  XIII.] 


3°  7 


nummulitic  limestone  of  India  is  a  continuation  of  the  same  formation 
in  Europe.  Scveial  sped,,*  pass  from  the  Ranfkot  beds  into  the.  Kirthar 
Kro»p  ;  indeed,  the  palaeonlulogical  differences  between  the  two  appear 
to  be  principally  due  to  a  change  of  conditions  from  the  shallow  muddy 
water  of  the  Rdnfkot  to  the  deeper  clear  sea  of  the  Kirthar  beds. 

I  he  result  of  Messrs.  Duncan  and  Sladen’s  examination  of  the 
eehinodernis  does  not  altogether  bear  out  the  conclusions  regarding  the 
i elation  between  the  Kirthar  and  Ranikot  groups  expressed  above.  They 
found  no  less  than  63  out  of  70  species  being  peculiar  to  the  group,  and 
the  horizon  of  the  remaining  7,  which  are  supposed  to  have  been  obtained 
I rom  the  Rdnfkot  group,  is  very  doubtful,1  Caution  is,  however,  neces¬ 
sary  in  applying  ihe  pakeonlological  results  obtained  from  a  single  order 
o I  animals,  and  the  conclusions  based  on  the  general  palaeontology  and 
stratigraphy  of  the  two  groups  may  be  accepted  in  spite  of  this  apparent 
contradiction. 


Jn  eastern  Baluchistdn  the  Kirthar  limestone  appears  to  be  largely  de¬ 
veloped  in  the  Mari  hills  and  south  of  the  Bolan  pass,  having  been 
given  the  local  name  of  Spintangi  in  this  region.  Between  Hurnai  and 
Quetta  it  has  been  very  much  reduced  in  thickness  by  denudation  previous 
to  the  deposition  of  the  Siwdliks.  The  relation  of  the  Kirthar,  or  Spin¬ 
tangi,  limestone  to  the  underlying  shales  is  one  of  perfect  conformity  by 
interstratilication,  and  there  is  reason  to  believe  that  to  a  certain  extent 
the  Spintangi  and  Ghdzij,  or  Kirthar  and  Ranfkot,  groups  merely  represent 
different  conditions  of  deposition  and  are  partly  of  contemporaneous  origin. 

The  Spintangi  limestone  has  frequently  a  nodular  structure  that  makes 
it  weather  into  an  aggregate  of  rounded  lumps,  easily  mistaken  fora  conglo¬ 
merate  ;  so  much  so  that  three  practised  geologists  have  each  recorded  the 
fact  that,  after  crossing  the  boundary  of  the  Siwalik  conglomerate  in  the 
Bolan  pass,  they  walked  for  some  distance  over  the  nummulitic  limestone 
before  discovering  the  change. 

Another  peculiarity  of  the  group  in  the  Mari  hills  is  the  occurrence  of 
thick  beds  of  gypsum,  interstratified  with  the  clear  limestones  and  green 
shales.  The  thickness  of  these  beds  in  the  country  east  of  Khattan  is 
very  considerable,  one  bed  of  50  feet  thick,  besides  four  others  aggre¬ 
gating  33,  having  been  seen  near  Mamand.2  Whether  they  were  originally 
deposited  as  gypsum,  or  are  due  to  the  subsequent  alteration  of  limestone 
beds,  their  occurrence  among  distinctly  marine  beds  is  not  easy  to  account 
for.  On  the  east  flank  of  the  Suldimdn  range  the  Kirthar  group  does  not 
appear  to  be  present  in  its  characteristic  form,  but  some  thin  beds  of  white 
nummulitic  limestone  overlying  the  shales  regarded  as  the  probable 
equivalent  of  the  RSnfkot  group  may  represent  it. 

'  Pal.  Indica,  Scries  xiv,  I,  pt.  3,  P-  245,  I  2  Recerds,  XXV,  24,  (1892). 

(1884).  1 
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In  westirn  RdjpuWna  two  outcrops  of  nummulitic  rocks  arc  .known, 
the  Wio-r  one  north*\v('st  of  Jaisalmcr,  the  smaller  hear  Koslalh,  tbit ty  miles 
woKt-south-west  of  Bikaner.  The  rocks  represented  are, a  white  mtm- 
mnlil'erous  limestone,  resembling  that  of  the  Kirthar  group  of  Sind,  and' 
Bhnly  beds,  mostly  grey  and  impregnated  with  salt,  though1  a  very  .fine' 
grained  pale,  buff  coloured  fuller’s  earth  is  also  found  and,  quarried  tor 
export  under  the  name  of  Multan?  mitii.  In  Jaisalmer  a 'bed  of  ferru¬ 
ginous  lateritic  rock,  like  that  found  near  Kotii,  is  associated  with  .the 
nummulities,  The  rocks  of  these  exposures  resemble  those  of  the  Kir- 
ihar  group  as  seen  east  of  Sukkur,  and  there  is  good  reason  to  suppose, 
that  they  are  of  the  same  age  and  indicate  an  easterly-  extension  of  the., 
nummulitic  sea.1 

•The  series  of  tertiary  rocks  above  the  Kirthar  nummulitic  limestone  is 
superbly  developed  and  very  well  seen  in  the  hills  on  the  frontier  of.uppei- . 
Sird  whose  culminating  ridge  is  known  as  tl  e  Kirthar.  The  names  of  • 
the  tertiary  groups  overlying  the  nummulitic  formation  have  consequently 
been  derived  from  places  in  this  range,  and  the  Nan  group  takes  its  title 
from  a  stream  which  traverses  the  lower  portions  ol  the  range,  where 
it  is  composed  almost  entirely  of  Nari  beds,  for  a  considerable  distance, 
and  issues  from  the  hills  west  by  north  of  Sehwan.*  The  present  sub¬ 
division  comprises  at  its  base  the  uppermost  bands  of  limestone  contain*  ' 
ing  Nummu/ites,  the  species  N,  gttransensis  and  N.  sublsevtgaid 
being  distinct  from  those  so  commonly  found  in  the  Kirthar  sub¬ 
division,  and  tlie  limestone  itself  is  usually  distinguished  by  its  yellowish 
brown  colour,  and  by  being  in  comparatively  thin  bands,  interstra- 
titied  with  shales  and  sandstones.  Several  other  fossils,  besides’  the 
mimmuliles,  differ  from  -those  in  the  Kirthar  beds.  Not  unfrequently, 
however,  there  is  an  apparent  passage  from  the  while  or  greyish  white 
Kirthar  limestone  into  the  yellow  or  brown  Nari  rock,  and  the  two  groups 
appear  always  to  be  perfectly  con l crumble,  but  no  intermixture  of  the 
characteristic  species  of  nummulites  has  been  detected,  and  the  division  ■ 
between  the  Kirthar  and  Nari  beds  can  always  be  recognised  by  ike  fossil 
evidence.  ,  . 

in  some  places  the  lower  Nari  beds  consist  almost  entirely  of  brown  . 
and  yellow  limestones ,  but  more  frequently  the  limestone  bands  are 
subordinate,  dark  shales  and  brown,  rather  thinly  bedded,  sandstone 
forming  the  mass  of  the  rocks.  The  limestone  bands  are  often  confined  ' 
to  the  base  of  the  group,  and  always  diminish  in  abundance  and  thickness 
above,  although  they  are  occasionally  found  as  much  as  1,500  iV.et  above  the 
top  of  the  Kirthar  group.  These  shales  and  fine  sandstones,  with  occasional 
bands  of  limestone,  constitute  the  lower  Naris;  and  pass  gradually  into 

1  Records,  XIX.  159  (rt86). 
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the  coarser,  massive,  thick  bedded  sandstones  that  form  the  greater  portion 
of  the  group,  and  attain  a  thickness  of,4,ooo  or  5,000  feet.  On  the  flanks 
of  the  Kirthar  range  a  few  bands  of  clay,  shale,  or  ironstone,  are  inter- 
stratified  with  the  sandstones,  and  bands  of  conglomerate  occasionally 
occur.  The  Nari  beds  in  their  typical  form  extend  throughout  the  eastern 
flank  of  the  Kirthar  range,  and  occupy  a  belt  of  varying  width,  from  one 
or  two  miles  to  as  much  as  ten  miles  in  breadth,  between  the  underlying 
Kirthar  and  the  overlying  Gaj  beds.  ^ 

On  the  western  side  of  the  Bhagotoro  hills,  four  or  five  miles  south  of 
Sehwan,  there  is  a  break  in  the  Nari  beds,  and  some  variegated  shales, 
clays,  and  sandstones,  richly  tinted  in  parts  with  brown  and  red,  which 
represent  the  upper  Nari  sandstones,  rest  unconformably  on  the  denuded 
edges  of  the  lower  Nari  limestones  and  shales.  The  break  is  evidently 
local.  To  the  ea?t  of  the  Lakhi  range  the  Nari  beds  are  entirely  wanting, 
and  it  appears  very  possible  that  they  have  never  been  deposited  in  this 
portion  of  the  Indus  valley.  From  the  neighbourhood  of  Sehwan  to 
Jerruck,  the  Manchhar  beds  rest  with  more  or  less  unconformity  on  the 
Kirthar,  a  very  faint  and  imperfect  representative  of  the  Gdj  group 
occasionally  intervening.  But  west  of  the  Lakhi  range,  throughout  lower 
Sind,  the  Nari  beds  are  exposed  almost  wherever  the  base  of  the  Gaj 
group  is  seen  ;  they  increase  in  thickness  to  the  westward,  and  the  Hab 
valley,  from  the  spot  where  the  river  first  forms  the  boundary  of  British 
territory  to  the  sea,  consists  entirely  of  these  strata.  There  is,  however, 
no  longer  any  such  marked  distinction  between  the  subdivisions  of  the 
tertiary  series  as  is  found  in  the  Kirthar  range.  The  disappearance  of 
the  Kirthar  limestone  has  already  been  mentioned,  and  with  it  the  lower 
Nari  limestones  also  disappear,  so  that  it  is  no  longer  possible  to  draw  a 
distinct  line  between  the  two  groups.  The  two  groups  can  still  be  traced, 
although  the  dividing  line  between  them  is  obscured,  as  the  calcareous 
shales,  with  the  characteristic  Kirthar  nummulites  below,  and  the  mas¬ 
sive  Nari  sandstones  above,  are  still  recognisable.  Beds  of  brown 
limestone,  too,  full  of  Orbitjides  papyracea  or  O.fortisi,  occur  in  the  Nari 
beds  of  the  Hab  valley,  but  instead  of  being  found  at  the  base,  they 
appear  in  the  middle  of  the  group.  Again,  just  as  there  is  a  difficulty  in 
distinguishing  the  Naris  from  the  Kirthars  at  their  base,  so  the  beds 
at  the  top  of  the  former  group  can  only  be  separated  by  an  arbitrary  line 
from  the  overlying  Gdj  beds.  In  the  Kirthar  range  the  upper  boundary 
of  the  Nari  group,  although  there  is  no  unconformity,  is  distinct  and  defi¬ 
nite,  limestones  with  marine  fossils  of  the  Gaj  group  resting  immediately 
upon  the  upper  Nari  sandstones.  But  in  southern  Sind  bands  of  limestones 
or  calcareous  sandstone,  with  marine  fossils,  some  of  which  are  well 
marked  Gdj  species,  occur  in  the  upper  part  of  the  Nari  group,  whilst 
limestone  bands  with  the  Nari  Orbitoidcs  papyracea  are  found  in  the 
Gdj. 
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The  aandslonen,  which  form  so  large  a  portion  of  llir.  Kart  group 
in  upper  Sind,  have  hitherto  proved  destitute  of  animal  remains,  but 
the  occasional  inters! ratifications  of  shales  ami  clays  often  contain 
fragments  of  plants,  and  some  ill  marked  impressions,  probably  slue  t:>  - 
fucoids,  have  been  found  in  the  sandstones  themselves,  There  appears 
a  probability  that  these  sand -.tones  may  be  of  fluviatik,  and  not’  marine 
origin,  and  although  some  species  pass  from  .the  Kirtlmr,  and  even 
front  the  Rdufkot,  group  into  the  lower  part  of  the  Nan  group,  the 
fauna  is  chiefly  distinct  and  marks  a  higher  horizon.  The  most 
marked  change  is  in  the  I‘o raminifera ,  because  they  are  so  abundant' 
and  characteristic,  whole  beds  of  limestone  towards  the  .base  of  the 
Nan  group  being  entirely  made  up  of  three  species,  distinct  from  those 
occurring  in  the  Kirthar  group,  Num  mu  Hi  es  go  ra  ttsensi  s,  N.  sublmtigat't 
and  Orbitcides  papvracea,  the  last  named  frequently  of  large  size,  and  • 
reaching  two  or  three  inches  in  diameter.  One  of  these  species  of  Num- 
muhtes  {N.  garansensis)  is  of  importance,  because  it  occurs  in  Europe, 
as  in  Sind,  in  the  highest  strata  characterised  by  the  abundance  of  the 
genus,  those  beds  being  at  the  base  of  the  miocene.  Numniuiites. 
sublsevigata  is  peculiar,  so  far  as  is  known,  to  India. 

Several  of  the  molluscs  and  echinoderms  of  the  Nari  beds  also,  such 
as  Siliquaria  grand,  Solarium  affine,  Venus  granosa,  and  Clypeaster 
profundus,  show  distinctly  miocene  affinities,  and  some  of  these  pass  up 
into  the  Gdj  group.  At  the  same  time  there  are  so  many  eocene  forms 
present,  such  as  Natica  paiula,  N.  sigarelina,  Oslrea  jlabeliula,  Velnta 
jugosa,  etc.,  that  it  is  somewhat  difficult  to  decide  to  which  subdivision' 
the  Nari  beds  should  be  assigned.  They  probably  occupy  an  intermediate 
position,  corresponding  to  the  oligoeene  of  continental  geologists,  a  con¬ 
clusion  which  is  borne  out  by  the  detailed  examination  of  the  corals  and 
echinoderms.  ' 

The  lower  Nari  limestone  is  found  in  its  typical  form  as  far  north 
as  Bibi  Ndni  in  the  Bolan  pass,  where  it  is  overlaid  by  some  grey 
sandstones  and  mottled  beds,  which  probably  represent  the  upper  Nari 
of  Sind.  The  lower  Nari  limestone,  with  N ttmmuUles  gafrfn'sensu,  -N, 
subleevigai a  and  Orbiioides  papyracea,  has  not  been  found  north  of  this,  - 
but  to  the  north  of  the  Gandahiri  hill,  20  miles  cast  of  Dera  B.ugti,  and 
along  the  eastern  slopes  of  the  Suldimin  range,  a  series  of  sandstones,  with 
subordinate  bands  of  conglomerate  and  clay,  occupy  a  position  intermediate- 
between  the  upper  eocene  and  the  overlying  Siwaiiks.  They  are  described 
as  apparently  conformable  to  both,  and  were  regarded  by  Dr.  Blanford  as 
probably  the  equivalents  of  the  upper  Nari  of  Sind. 

Resting  upon  the  Nari  group,  almost  throughout  Sind,  ,and  forming 
the  base  of  the  upper  tertiary  series,  there  is  found  a  mass  of  highly 
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consists  of  pale  coloured  limes!  ones,  almost  horizontal  or  dipping  ai  very  low 
angles,  and  forming  plateaux  400  or  500.  ieet  liigli,  bounded.  by  steep. 
scarps,  which  rise  from  the  low  ground  of  the  soft  Mari  sandstones  east  of 
the  Hab  valley.  A  low  range  of  lulls,  formed  of  Gdj  beds,  extends  to.  the 
south-west,  past  the  hot  spring  at  Pir  Maiigho  (Mugger  or  Manga-  f’ir)  to 
the  end  of  the  promontory  known  as  Cape  Monze,  and  the  same  beds  form 
the  low  hills  east  and  north-east  of  Karachi,  and  furnish  the  materials  of 
which  the  houses  of  the  town  are  mostly  built.'  A -.small  island, called 
Churna,  in  the  sea  west  of  Cape  Monze,  also  consists  of  -Gdj  rocks.  To  ' 
the  northward  the  GAj  area  of  lower  Sind  extends'  with  very  irregular 
outline  to  the  neighbourhood  of  Tong  and  Karchat,  almost  due  west  of, 
HSla,  and  there  are  several  outliers  farther  north,  connecting  the  southern  / 
portion  of  the  group  with  the  typical  outcrop  in  the  Kirthar  range. 
East  of  Kardchi,  G4j  beds  extend  in  the  direction  of  Tatta, "until  they, 
disappear  with  the  other  tertiary  rocks  beneath  the  alluvium  of  the 
Indus.  It  is  quite  possible  that  the  present  group,  as  well  as  the  Mari,  ■' 
never  was  deposited  in  the  neighbourhood  of  Kotri  and  Je frock.  .  ' 

It  has  been  already  stated  that  the  Gaj  beds,  throughout  (he  greater 
portion  of  the  Kirthar  range,  rest  conformably  upon  the  Nari  group, 
although  there  is  a  change  in  min.eral  character,  and  that,  in. lower  Sind,  ' 
the  passage  from  one  group  into  the  other  is  gradual,  calcareous  bands,  " 
with  Gdj  fossils  such  as  Ostfea  multicostaia  and  Pecien  subcot  neus, 
being  found  interstratified  with  the  uppermost  Nari  sandstones.  At  one 
place,  however,  near  Tandra  Rdhim  Khdn,  west  by  north  of  Sehwan,  the  ■ 
outcrop  of  the  Gdj  beds,  here  dipping  at  a  high  angle  to  the  westward,’ 
runs  nearly  in  a  straight  line  across  the  mouth  of  a  valley,  composed  of  a 
deep  synclinal  of  the  Nari  group  between  two  anticlinal  ridges  of  Kirthar 
limestone.  As  the  Gij  beds  do  not  share  the  synclinal  curve  of  the  Nan's, 
it  is  difficult  to  see  how  the  two  can  be  conformable,  but  an  examination  ' 
of  the  boundary  between  the  two  groups  failed  to  show  any  clear  evidence  - 
of  unconformity.  There  are,  however,  some  places  south  of  Sehwan  ■ 
where  the  Gdj  group  overlaps  the  Nari  beds  and  rests  upon  the  Kirthar 
limestone,  but  it  must  be  recollected  that  the  Gaj  group  is  itself  overlapped 
by  Manchbar  beds  in  the  immediate  neighbourhood. 

The  commonest  and  most  characteristic  fossils  of  this  group  are  Ostrea  .  ' 
multicostata  1  and  Breynia  carinata .  There  cannot  be  any  question  that 
the  Gdj  fauna  is  newer  than  eocene;  some  of  the  species  are’ recent  (for 
instance,  Dosinia  psevdoargns  is  identical  with  the' recent  D.  exaspnrata) , 
and  it  is  probable  that  many  others,  when  they’  are  compared  with  recent 
forms  more  carefully  than  has  hitherto  been  done,  will  prove  to  be  the  ’ 

1  It  is  not  quite  certain  whether  this  1  D’Archiac '  and  Haime.  There  Is  another 
species  is  identical  with  the  European  form,  species  known  by  the  same  name  and  found 
but  it  is  certainly  the  shell  figured  by  Messrs,  j  in  triassic  beds  in  Europe.  ’  1 
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same  as  living  species.  Several  genera,  too,  as  Maretia,  Breynia 
Meoma ,  Echinodiscus  Clypeaster,  dadocora,  and  Mycedium,  are  rare  or 
unknown  in  the  older  iertiaries,  and  there  is  almost  a  complete  diappear¬ 
ance  of  eocene  forms,  very  few  species  being  common  even  to  the  Nart 


The  only  mammal, yet  obtained  from  the  Gdj  beds  is  Rhinoceros  siva- 
lensis — a,  species  found  also  in  the  Siwdliks. 


The  highest  subdivision  of  the  tertiary  series  in  Sind  was  originally 
named1  from  a  large  lake,  the  Manchhar,  a  few  miles  west  of  Sehwan,  but 
there  can  no  longer  be  any  doubt  that  in  age,  as  well  as  mode  of  origin, 
they  are  part  of  that  system  of  pliocene  fresh  water  deposits  which,  under 
the  name  of  Siwdlik,  ranges  round  the  extra-peninsular  area  from  Sind 
to  Burma.  It  will  be  well,  however,  to  retain  the  local  name  in  the 
description  of  the  Sind  Siwdliks. 

The  Manchhar  series  of  Sind  consists  of  clays,  sandstones,  and  conglo- 
nierates,  and  attains  a  thickness  of  but  little,  if  at  all,  less  than  io  ooo  feet 
in  places  on  the  flanks  of  the  Kirthar  range.  Although  it  is  difficult  to 
draw  an  absolute  line  between  the  subdivisions,  the  whole  group  may  be 
divided,  wherever  it  is  well  exposed,  into  two  portions.  The  lower  consists 
mainly  of  a  characteristic  grey  sandstone,  rather  soft,  moderately  fine 
grained,  and  composed  of  quartz,  with  some  felspar  and  hornblende,  to¬ 
gether  with  red  sandstones,  conglomeratic  beds,  and,  towards  the  base, 
red,  brown,  and  grey  clays,  the  latter,  however,  being  much  less  large!)? 
developed  than  in  the  upper  subdivision.  The  conglomeratic  beds  chiefly 
contain  nodules  of  clay  and  of  soft  sandstone,  apparently  derived  from 
beds  precisely  similar  to  those  of  the  typical  Siwdliks,  but,  so  far  as  has 
been  observed,  do  not  contain  any  fragments  derived  from  the  older  tertiary 
rocks,  no  pebbles  either  of  the  characteristic  Gaj  limestones  or  of  the 
still  more  easily  recognised  nummulitie  limestone  of  the  Kirthacs  having 
been  noticed  in  the  beds  of  the  lower  Manchhars,  although  both  abound 
in  the  upper  strata  of  the  group.  These  conglomeratic  beds  of  the  lower 
Manchhaars  are  frequently  ossiferous,  the  bones  and  teeth  contained  ii? 
them  being,  however,  usually  isolated  and  fragmentary. 

The  upper  Manchhar  subdivision,  where  it  is  best  seen  on  the  flanks 
of  the  Kirthar  range  west  of  Ldrkbdna,  is  thicker  than  the  lower,  and 
consists  towards  the  base  of  a  great  thickness  of  orange  or  brown 
clays,  with  subordinate  bands  of  sandstone  and  conglomerate.  The 
sandstones  are  usually  light  brown,  but  occasionally  grey,  like  the  charac¬ 
teristic  beds  of  the  lower  subdivision.  The  higher  porlioir  of  this  upper 
subgroup  contains  more  sandstone  and  conglomerate,  and  the  whole  is 


capped  b\  a  thief.  band  '«{  massive,  creir*?  conglomerate,  which  forms  a  con¬ 
spicuous  ridge  along  the  edge  *f  the  Indus  alluvium  throughout- upper  5»'»n4.  > 

libs  conglomerate  contains  minu*rotis  large  pebbles  of  mmumditio  and 
Gaj  limestone,  together  with  fragments  of  quartzite  and  other  rocks  of 
unknown  origin.  Throughout  the  conglomeratic  beds  of  the  Upper  Kfan- 
chliars.  pebbles  of  numnvditic  limestone  and  of  the  brown  C*Aj  limestone  , 
occur,  showing  that  these  older  tertiary  beds  must  have  been  u ph caved 
mid  denuded  in  the  latter  Siwaltk  period,  although  there  is  a  complete 
passage  between  the  Gdj  beds  and  the  lower  Manchhars. 

There  appears,  however,  good  reason  for  supposing  that  some  dis¬ 
turbance  of  the  older  rocks  look  place  before  the  deposition  of  the  lower 
portion  of  the  M an chhar  group.  To  the  east  of  the  Lakhi  range  the  Manchhar 
beds,  themselves  disturbed,  rest  unconformably  on  the  beds  of  the  Kirtliar 
group,  which  are  vertical  in  many  places,  so  that  it  is  manifest  that  the 
Kirtbars  had,  in  this  locality,  been  upheaved  before  the  deposition  of  the 
Manchhars.  The  presence  of  the  lower  portion  of  the  latter  series  appear¬ 
ing  to  be  proved  by  the  occurrence  of  teeth  and  bones  of  the  same  mam¬ 
mals  as  are  found  in  the  lower  Manchhars  elsewhere. 

In  one  case  a  few  estuarine  fossils  were  found,  near  the  Nari  stream, 
in  a  Manchhar  bed  300  or  400  feet  above  the  base  of  the  group.  The 
only  form  recognised  was  Corbula  trigonalis,  already  mentioned  as  charac¬ 
teristic  of  the  estuarine  passage  beds  between  Gdj  and  Manchhar.  With 
this  exception,  and  that  of  some  rolled  oyster  shells,  possibly  derived  from 
a  lower  formation,  no  marine  or  estuarine  fossils  have  been  observed'  in 
the  Manchhar  beds  of  upper  Sind,  above  the  passage  beds  at  the  base  of 
the  group,  and  there  appears  every  reason  to  believe  that  the  group  is  of 
fluviatiie  origin. 

in  lower  Sind,  however,  there  is  a  very  considerable  intercalation  of 
marine  or  estuarine  beds  with  the  Manchhars,  and  this  evidence  of  depo¬ 
sition  in  salt  water  increases  in  the  neighbourhood  of.  the  present  coast. 
Around  Karachi  beds  of  oysters,  and  sometimes  of  other  marine  or- estu¬ 
arine  shells,  are  not  unfrequently  found  interstratitied  with  the  Manchhar 
group.  There  is  also  some  change  in  mineral  character,  the  sandstones 
becoming  more  argillaceous  and  associated  in  places  with  fiale  grey, 
sandy  clays  and  shales.  The  passage  from  the  Gdj  beds  is  very  gradual, 
calcareous  bands  with  Gitj  fossils,  such  as  Ostrea  midlicostala  and  Pecien 
subcorneus,  being  found  some  distance  above  the  base  of  the  Manchhar 
group.  .  . 

Although  there  is  no  difficulty  in  drawing  a  line  between  Manchhar.  and 
GAj  beds,  except  in  the  neighbourhood  of  the-coast,  everything  tends  to  show 
that  there  is  no  break  in  time  between  the  two,  the  lower  portion  of  the  upper, 
group  being  an  estuarine  or  fluviatiie  continuation  of  the  underlying  marine 
beds.  But  the  great  thickness  of  the  Manchhar  group  in  upper  Sind, 
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alone  would  suffice  to  prove  that  a  considerable  period  of  time  must  have 
elapsed  during  the  deposition  of  this  formation,  and  it  is  far  from  improb¬ 
able  that  the  lower  Manchhars  may  be  upper  miocene,  whilst  the  upper 
Manchhars  are  pliocene. 

The  Manchhar  beds  extend  along  the  age  of  the  alluvium,  and  form  a 
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cfieu  highly  calr-w-rms,  ami  occasionally  intersected  by  veins,  ol  gypsum, ; 
Wiih  !  iiis  day  or  inn rt,  bauds  of  sthaly  limestone,  dark  calcareous.  grit, 
ami  sandstone  are  intursl  ratified,  usually  forming  but  a  smalt  portion  of 
tin-  mass,  although  their  greater  hardness  renders  them  conspicuous.  They 
marl  formation  extends  formally  hundreds  of  mils  along  the  coasts  of 
Rahicliisidn  :hhI  of  the  Persian  Gulf,  forming  great  horizontal  plateaux, 
rmrroumU  d  hy  cliffs  of  whitish  marl- or  clay  and  capped  by  dark  coloured 
calcareous  grit,  at  the  headlands  of  Ras  Ma!£n,  Onmrra,  and  Gw.’dar.  R4s  . 
Muhin  especially  being  a  table  land  rising  abruptly  to  a  height,  of  2,000 
feet  from  the  sea.  '1  liese  remarkable  rocks  have  been  called  (he  Mckrin 
group  1  from  the  name  usually  applied  to  the  littoral  tracts  of  Bdiuchi-stdn, 
The  Mekrin  group  is  of  shallow  water  marine  origin,  and  abounds  in 
mollusca,  echinoderms,  etc.,  many  ol  the  species  .being  apparently  the. same 
ns  living  forms.  The  ediinoderms  alone  bnveas  y<d  been  examined  in  detail,, 
they  belong  without  exception  lo  living  genera,  while  most  of  the  species 
are  very  closely  allied  to  recent  forms,  and  one  species  alone  is  doubtfully 
identical  with  a  Gdj  form.  The  general  facies  of  the  fauna  is  dL-ti nelly 
pliocene.3  _  _  .  - 

Although  there  is  no  resemblance  between  the  typical  Manchhar  beds 
and  the  characteristic  rocks  of  the  Mekrln  group,  nor,  from  the  widely 
different  conditions  under  which  the  two  formations  must  have  been  de¬ 
posited,  would  any  similarity  in  mineral  chaiacter  be  probable,  some  of  the  ' 
soft  argillaceous  shaly  sands  in  the  Manclihar  beds  near  Karachi  closely  . 
resemble  some  similar  beds  in  the  Mekrdu  group  near  Gwddar.  As  all 
that  is  known  of  the  geology  of  western  Ralbchistdn  is  the  result  of 
brief  visits  to  a  few  widely  separated  points,  it  is  uncertain  to  what 
extent  the  rocks  of  Sind  extend  to  the  westward,  and.  whether-  ■  any 
representatives,  of  the  Gaj  group  especially,  exist  in  that  direction;  but 
it  appears  probable  that  the  marine  Mckrdn  group  in  western  BdluchistJii 
represents  the  fresh  water  Munchkar  series  of  Sind, 


The  only  fossil  remains  of  any  importance  hitherto  detected  in  the 
Manchhar  series  arc  bones  of  mammalia,  and  all  that  have,  been  recog¬ 
nised  belong  to  the  lower  Manchhars,  the  upper  subdivision  of  the  group* 
having  hitherto  furnished  only  a  few  bones,  in  too  poor  and  fragmentary 
a  state  of  preservation  for  the  species,  or  even  the  genera,  to  be  deter¬ 
mined.  The  few  estuarine  shells  found  in  the  lowest  Manchhar  beds  in 
upper  Sind,  and  a  portioiv  at  least  of  the  marine  fossils  procured  from  a 
similar  horizon  near  Karachi,  appear  to  be.  Gaj  forms,  and  to  indicate  a 
dose  connection  between  the  lower  Manchhar.-  and  the  underlying  group 

1  W.  T.  Stanford,  Records,  V,  43,  (1872);  j  2  Duncan  and  Staten,  Pal.  Indicd,  series 
Eastern  Persia,  London,  1886,  II,  p.  46a.  I  xiv,  I,  pt.  iii,  p.  370,  ft 885).  *  '  '  ■ 
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In  places,  and  especially  in  the  neighbourhood  of  the  Lakhi  range,  silici- 
fied  fossil  wood  is  found  in  abundance  in  the  Manchhar  beds,  stems 
of  large  trees  being  of  common  occurrence.  The  majority  are  dicotyle¬ 
donous,  but  some  fragments  of  monocotyledons  are  also  found. 

The  vertebrate  remains  are  extremely  fragmentary,  and  chiefly  consist 
of  single  teeth  and  broken  portions  of  bones,1  and  the  fauna  is  chiefly 
remarkable  for  the  prevalence  of  artiodactyle  ungulates,  allied  to  pigs,  or 
intermediate  between  pigs  and  ruminants.  The  majority  of  the  genera 
are  extinct  ;  Rhinoceros,  Sus,  and  Manis  being  the  only  living  types,  and 
the  last  named  has  only  been  recognised  from  a  single  digital  phalange, 
so  that  the  generic  identilication  is  far  from  sufficient.  Both  Rhinoceros 
and  Sus  existed  in  miocene  times,  whilst  Amphicyon,  Anthracotherium, 
Hyopotamus ,  and  Dinotherium,  which  are  also  found  in  the  Manchhar,  are 
not  known  to  occur  in  Europe  in  beds  of  later  date  than  miocene.  The 
genera  Hemimeryx  and  Sivameryx  are  peculiar,  both  being  allied  to  the 
Siwdlik  Merycopotamus , 

The  species  found  also  in  the  pliocene  Siwaliksare  Rhinoceros  palaiin- 
dicus ,  At  Brother  turn  penmense ,  C  halicotherium  sivalense,  Sus  hysudricus. 
Dorcatherium  majus,  D.  minus,  Mastodon  latidens,  and  M.  falconeri-, 
but  as  the  presence  of  these  forms  in  the  Manchbars  is  inferred  for  the 
most  part  from  fragments,  the  identifications  are  by  no  means  quite 
certain,  whilst  the  general  facies  of  the  fauna,  the  absence  of  characteristic 
living  forms  like  F.quus,  Bos,  Antitope,  Cervus,  and  Elephas,  and  the 
presence  of  several  extinct  genera  not  hitherto  detected  in  the  Siwaliks, 
show  that  the  mammaliferous  beds  of  Sind  are  of  older  age  than  the  typi¬ 
cal  SiwMik  strata.  It  should  be  recollected,  moreover,  that  the  precise 
horizon  at  which  the  Siwdlik  forms  are  found  is  but  rarely  known  with 
accuracy,  that  some  of  the  Sivvalik  strata  are  as  old  as  the  lower  Man- 
chhars,  if  not  older,  and  that  a  portion  at  least  of  the  older  types  of  mam¬ 
mals  are  from  beds  low  down  in  the  Siwalik  series.  None  of  the  remarkable 
series  of  types  allied  to  the  giraffes  and  Sivatherium,  nor  of  the  peculiar 
bovine  and  autilopine  forms  so  characteristic  of  the  Siwdlik  fauna,  have  as 
yet  been  found  in  Sind.  The  only  ruminant  detected  in  the  Manchhar  beds 
is  the  miocene  Dorcatherium,  and  the  place  of  the  more  specialised 
Pecora  appears  to  have  been  occupied  by  the  less  specialised  even  toed 
ungulates  allied  to  the  pig.  While,  therefore,  it  is  probable  that  some 
extinct  types,  such  as  Anthi acotherium  afnd  Hyopotamus,  which  are  not 
known  in  Europe  above  the  lower  miocene,  existed  in  India  at  a  somewhat 
later  period,  together  with  species  which  survived  till  pliocene  times,  it  is 
evident  that  the  lower  portion  of  the  Manchhar  group  can  seareeiy  be 
considered  of  later  date  than  upper  miocene.  The  palm-ontological 

I  Details  will  be  found  in  Mr.  I.ydekker’s  j  225;  XI,  <4,  71,  77,  7"-  (1870-78!  !>“(1  ^ 
papers  in  Rectnds,  IX,  91,  93,  106  ;  X,  76,  hulicu,  series  x\  I  — 1\ ,  f.isum. 
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evidence  is  in  accordance  with  t he  geological,  and  both  show  the  close 
connection  between  the  iower  Manchhar  beds  and  the  Gdj,  group, 

Further  north,  in  the  country  between  Sibi  and  Quetta  the  Siwaliks 
rest  with  a  slight,  but  distinct,  unconformity  on  the  Spintangi  limestone. 
There  is  everywhere  a  perfect  parallelism  of  stratification  between,  the  • 
two  and  a  superficial  appearance  of  conformity,  but  on  a  close , examina¬ 
tion  it  is  seen  that  there  are  slight,  though  distinct,  traces  of  erosion  at  the 
contact,  that  pebbles  of  nuinmulitic  limestone  are  found  near. the  base  of 
the  Shvdliks,  and  that  there  is  a  progressive  thinning  out  of.  the  nummulitic 
limestone  from  east  to  west  by  removal  of  the  upper  beds.  -  The  lower 
Siwdliks,  which  are  conspicuous  on  the  section  in  the  Bugti  hills  further 
east,  are  represented  by  greenish  and  grey  sandstones  which  do  not  at*  - 
tain  a  thickness  of  much  over  100  or  200  feet.  Above  them  the  upper 
Siwaliks  consist  principally  of  red  eai  thy  clays,  with  ,  interbedded  sand¬ 
stones,  which  become  more  and  more  frequent  till  it  becomes  a  sandstone 
formation  with  subsidiary  bands  of  clay  and  conglomerate,  the  whole. capped '  , 
by  a  great  thickness  of  strong  conglomerates. 

These  Shvdliks  extend  westwards,  in  the  country  intervening  between  - 
the  Bolan  and  Hurnai  routes  to  Quetta,  almost  to  the  Qqetta  plain,  but 
their  original  western  extension  has  been  obscured.  In  the  valleys  of- 
Quetta  and  Pishfn  there  are  some  deposits  of  conglomerates  and  red  clays 
which  have  in  places  undergone  considerable  disturbance,  and  have  been  . 
referred  to  a  Siwalik  age.1  On  the  accompanying  map  they  have  been 
coloured  as  upper  tertiary,  but,  as  they  appear  to  be  distinct  in  age  and 
origin  from  the  Siwdliks  referred  to  above,  and  much. more  closely  con-  - 
nected  with  the  recent  deposits,  their  description  will  be  deferred  to  a 
subsequent  chapter.8  '  .  1 

In  the  Bolan  pass,  in  the  Gan  dak  valley,  north-east  of  Quetta,  and 
doubtless  in  many  other  valleys  of  these  hills,  there  are  sandstone  and, 
conglomerate  deposits  which  have  undergone  considerable  disturbance, 
and  dip  at  high  angles.  In  accordance  with  the  custom,  which  separates 
the  deposits  which  have  undergone  considerable  disturbance  from  the  uri*. 
disturbed  recent  deposits  that  unconformably  overlie  them,  these  have, been 
called  Siwdlik,  but  they  are  in  a  manner  distinct  from  the  older  Siwilik$  ■ 
for  the  former  were  deposited  after  the  valleys,  in  which  they.  lie,. had  been 
excavated,  while  the  latter  date,  in  this  neighbourhood,  from  a  time  when 
the  disturbance  of  the  strata  and  consequent  elevation  of  the  hills  had  not'  - 
commenced.  .  ■  - ,  '  '  ' 

In  the  Bugti  hills  and  southern  portion  of  the  Suliiman  range,  the 
iower  Siwdliks,  which  attain  a  maximum  thickness  of  ;,ooo  feet,  have  the  '  .. 

appearance  of  lying  conformably  on .  the  nummulitic  limestone.  They 
»  W.T.BIatiford,  Memoirs,  XX,  1,7,  (,883),  1  *  Infra,  p.  416.  ‘  '  >  > 
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consist  of  moderately  soft,  fine  grained,  pepper  and  salt  grey,  sandstone, 
interstralified  with  conglomeratic  beds,  composed  of  fragments  of  clay  and 
soft  sandstone,  apparently  derived  from  contemporaneous  deposits,  im¬ 
bedded  in  an  argillaceous  matrix  and  unaccompanied  by  any  pebble  of 
harder  rock.  Clay  beds  also  occur  and  are  usually  of  a  red  colour. 

In  the  lower  beds  of  this  group  vertebrate  remains  occur  in  consider¬ 
able  abundance  near  Dera  Bugti,  among  which  are  Mastodon ,  Rhinoceros , 
Dvn'otherrum,  Anthracotherium,  and  Hyopotamus.  The  vertebrate  fauna 
has  a  distinctly  miocene  facies  and  is  associated  with  seven  species  of 
fluviatite  mollusca,  of  which  four  belong  to  the  genus  Unto,  two  to  Melania 
and  one  to  Paludina.  All  seven  are  extinct,  and  none  are  nearly  related 
to  forms  now  living  in  western  India,  though  two  are  allied  to  species 
still  existing  in  Burma.  Three  of  the  species  of  Unio  are  aberrant  forms 
with  ribbed  shells,  exhibiting  a  superficial  resemblance  to  the  marine  genus 
Cardiumd 

East  of  the  Suldimdn  range  the  tipper  Siwdlik  conglomerate  is  on  some 
sections  overlaid  by  a  more  recent  conglomerate  deposit,  which  has  been 
disturbed  and  dips  towards  the  plain  at  moderate  angles.  The  newer 
conglomerate  has  the  appearance  of  passing  upwards  into  the  recent 
deposits,  and  though  it  has  been  regarded  as  uppermost  Siwdlik  2  should 
probably,  like  the  disturbed  river  gravels  of  the  Boian  valley,  be  more 
correctly  classed  as  recent  than  as  tertiary. 


The  various  localities  referred  to  in  the  previous  passages  form  part  of 
one  geological  province  throughout  which  the  lower  tertiaries  maintain  a 
certain  constancy  of  character,  allowing  the  rock  groups  on  one  section 
to  be  recognised  on  another,  but  when  we  pass  northwards  to  the  Punjab, 
or  north-westwards  to  Afghanistan,  it  is  no  longer  possible  to  apply  the 
subdivisions  adopted  in  Sind,  and  a  fresh  classification  has  to  be  adopted. 
Before  passing  on  to  these  areas  it  will  be  well  to  notice  the  exposures 
to  the  east,  in  which  the  Sind  subdivisions  can  be  more  or  less  recognised. 

The  tertiary  rocks  in  the  Cutch  peninsula  occupy  a  belt,  varying  in 
breadth  from  about  four  miles  to  twenty,  between  the  alluvium  near  the 
coast  and  the  older  rocks  in  the  interior  of  the  country.  Tertiary 
formations  also  fringe  the  Deccan  traps  and  jurassic  beds,  on  the  borders 
of  the  two  openings  by  which  the  Rann  of  Cutch  communicates  with 
the  sea  east  and  west  of  the  province,  and  patches  of  the  same  tertiaries 
are  found  here  and  there  on  the  shores  of  the  Rann,  not  only  in  the  main 
region  of  Cutch  itself,  but  also  around  the  detached  hilly  tracts  or  islands, 
Patcham,  Kharir,  etc.,  and  in  Wdgad.  The  evidence  of  unconformity 

1  W.  T.  Blanford,  Memoirs,  XX,  162,  233,  I  2  W.  T.  Blanford,  Memoirs,  XX,  219,  (1SS3). 
(1883). 
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between  the.  eocene  rooks  and  Hie  Deccan  traps  is  very  strong  in  Cuteh. 
Tin-,  lava  flows  wliidi  appear  to  have  covered  the  greater,  part,  if  not  the 
whole,  of  the  Jurassic  region  had  been  completely  swept,  away  from  the 
surface  of  the  country,  and  the  underlying  jurassiic  rocks  exposed  .and 
largely  eroded  in  places  before  the  eocene  marine  beds  were  deposited.1 
Despite  this  evidence  of  unconformity,  there  is  every  appearance,  along 
the  southern  border  of  the  (rap  area,  of  the  tertiary  beds  resting  conform - 
ably  on  the  lava  flows  of  the  Deccan  period.  .  ‘  • 

The  tertiaries  of  Cuteh  are  far  better  known  than  those  of  Gujdrdt  land 
Kathiawar,  the  materials  for  the  first  descriptions  of  marine  fossils  from 
the  later  Indian  deposits  having  been  furnished  by  the  rocks  of  the 
first  named  province.  Attention  was  first  directed  fo  the  Cuteh  tertkries 
through  the  labours  of  Captain  Grant,  who  carried  with  him  to  England 
a  considerable  collection  of  tertiary  organic  remains,  together  with  tire 
jurassic  fossils  mentioned  in  a  former  chapter.  In  accordance  with  the 
ideas  prevailing  amongst  geologists  at  the  time,  he  separated  nummuljlie 
rocks  from  the  true  tertiarics  on  his  map,8  and  the  same  distinction  -was 
preserved  in  the  description  of  the  fossils,  but  subsequently  all  the  forms 
described  were  classed  as  eocene  by  D’Archiac  and  -  Haim e. 5  When  the 
rocks  of  Cuteh  were  mapped  in  1867-69  by  Wynne  and  hodden,  and 
described  by  the  former,  it  was  found  that  several  distinct  groups 
could  be  recognised,  and  that  the  fossils  of  .these  groups  differed,  and  it 
was  afterwards  discovered  that  the  groups  corresponded- very  closely  to 
those  determined  in  Sind.  The  succession  of  the  rocks  in  Cuteh,  accord  . 
ing  to  Mr.  Wynne,  is  the  following,  the  probable  Sind  representative  being 
appended  in  each  case.  The  supposed  European  equivalents  differ  some-, 
what  from  those  originally  suggested  before  the  corresponding  beds  in 
Sind  had  been  examined  b —  '  ;  . 


Alluvium,  blown  sand,  etc. 


Tertiary 


I  Upper  tertiary 
(unconformity). 

Argillaceous  group  800  to  1,200  Gaj 
Arenaceous  group  i  - 


500  ft,  M, -inch  liar  .  I'ho, 


3,  etc,  Peistocene  a<i  I  recent 


(Nummulitic  group  .  .  7 

Gypseous  shales  .  .  1 

Subnummulitic  ,  .  j 

Stratified  traps  .  ,  .  ,  , 

1  Tin's  view  is  opposed  to  Mr.  W '.’tine's 
opinion.  He  considered  that  the  lower  eocene 
beds  are  conformable  to  the  traps,  and  that 
the  naps  never  existed  in  northern  Cuteh. 
—Memoirs,  IX,  72,  {1872). 


Nari  (?) 
.  liirlhar 
”  j  Rdmltot 
.  Trap  ■. 


,  SliociM.  . 


e  an  l  tip 


.  Lo  wer  eocene - 
.  Uppei  most  oetaeet 


8  Description  dcs  Animaux  Fossiles  dit,grq,up 
ummulitiqiie-de  I’Inde,  Paris,  -1853...”  ' 

*  Memoirs,  IX,. 48,  (187a): 
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The  subnummulitic  group  consists  chiefly  of  peruliar  purple  and  red, 
mottled  with  while,  soft  argillaceous  beds,  laterite  of  various  kinds,  and 
coarse  sandstones  distinguished  by  brilliancy  of  colouring,  white,  red, 
lavender,  purple,  and  orange  tints  prevailing.  There  are  also  some  shales 
with  impressions  of  leaves  and  carbonaceous  layers,  and  occasionally  with 
gypsum. 

Some  of  the  peculiar  argillaceous  beds  have  a  distinctly  volcanic  aspect, 
but  as  they  are  much  decomposed  it  is  impossible  to  say  that  they  are 
really  of  eruptive  origin.  The  occurrence  of  these  peculiar  beds  away  from 
the  traps,  in  places  where  there  is  good  reason  to  suppose  that  the  traps 
were  removed  by  denudation  in  pretertiary  times,  and  the  fact  that  beds 
reconsolidated  from  trap  fragments  must,  when  decomposed,  frequently 
be  undistinguishabie  from  a  disintegrated  eruptive  rock,  render  it  probable 
that  these  soft  mottled  beds  are  of  sedimentary  origin  and  composed  of 
the  detritus  of  volcanic  rocks.  Fossils  are  rare  in  the  subnummulitic  group 
which  extends  along  the  southern  edge  of  the  traps  in  Cutch,  overlapping 
the  volcanic  rocks  to  the  westward,  and  resting  upon  jurassic  rocks 
near  Lakhpat.  The  same  group  is  represented  in  several  small  patches, 
deposited  upon  jurassic  beds  on  the  borders  of  the  Rann,  both  on  the 
mainland  of  Cutch  and  on  some  of  the  detached  hills  or  islands,  especially 
south  of  the  hills  in  Patcham,  Kharir,  Bela,  and  Chorar,  and  intervening 
in  the  hollow  between  "'two  ranges  on  the  first  named.  The  group  is 
nowhere  more  than  about  200  feet  thick,  and  it  frequently  does  not  exceed 
20  feet. 

Above  the  subnummulitic  beds  there  are  in  places  from  50  to  100  feet 
of  fine  laminated  shales,  bituminous  and  often  pyritous,  with  fragments 
of  wood  and  leaf  impressions.  All  the  above  rocks  are  classed  by  Mr. 
Wynne  apart  from  the  true  tertiaries,  and  with  the  bedded  traps.  It 
appears,  however,  more  probably  correct,  and  more  in  accordance  with  the 
sequence  in  Sind,  to  consider  the  main  break  in  the  series  as  taking  place 
between  the  traps  and  the  next  formation  in  ascending  order. 

The  gypseous  shales  form  a  local  and  unimportant  subdivision,  not 
more  than  from  50  to  150  feet  in  thickness,  occurring  in  western  Cutch, 
round  the  Gaita  hills  and  in  a  few  other  places.  They  consist  of  shales, 
with  calcareous  nodular  bands  and  much  gvpsum,  and  with  some  beds 
of  laterite.  Same  of  the  marly  beds  abound  in  Nummulittx  and  other 
Foraminifera  oysters,  etc. 

The  next  group  is  of  more  importance,  being  the  representative  of 
the  massive  liummulilic  (Kirlhar)  limestone  of  Sind.  In  Cutch  these  beds 
consist  of  pale  yellow  and  white  impure  limestones,  in  bands  of  no  great 
thickness,  interstratified  with  marls  and  sandy  beds.  The  upper  portion 
consists  chiefly  of  mails,  limestones  being  more  abundant  below  ;  Snmmu- 
liles,  Alvcolinw,  and  echinoderms  of  several  kinds  abound  and  corals 
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and  molluscs  are  locally  common.  The  niim.rmijitics  of  Cutch  are,  however, 
almost  con  line  cl  to  the  western  part  of  the  province,  and  6cc«py  a  band, 
extending  from  Lakhpat  round  the  western  terrainalkfn,  of  the  Deccan 
trap  range  in  the  Gaira  hills.  '  ■  •  ,  , 

Upon  the  nummulitie  limestones  and  their  associates  there  is  usually 
found  a  thin  and  unimportant  band  of,  light  coloured  or  white  sand  and  - 
sandy  shales,  having  at  the  base  some  finer  dun,  or  blue  coloured,  silty 
shales.  These  sandy  beds  are  soft,  friable,  and  obliquely  laminated.  -  In  . 
the  lower  portion  of  the  group  the  carapace  of  a  small  crab  and  casts  of 
bivalve  shells  have  been  found,  in  the  upper  part  impressions  of  dtcoty-  , 
ledonous  leaves  occur.  This  group,  originally  described  as  the  arenaceous 
group,  corresponds  in  mineral  character  and'  position  to,  the  upper  Nari 
of  western  Sind.  . 

The  Gdj  group  of  Sind  is  represented  in  Cutch  by  what  was  originally  ■  . 
described  as  the  argillaceous  group,  the  best  developed  and  most  f'ossili* 
lerous  of  the  tertiary  rock  groups  of  that  district,  and  it  is  this  group 
which  yielded  the  bulk  of  the  fossils  described  as  tertiary  in'  the  ap¬ 
pendix  to  Captain  Grant’s  paper,  although  it  appears  probable  that  there  ' 
were  among  these  fossils  some  admixture  of  species  from  a  lower  horizon.  ■ 
Until  the  whole  of  the  Cutch  and  Sind  fossils  are  thoroughly  compared 
and  determined,  some  doubt  must  remain  as  to  the  original  horizob  of  a 
few  Cutch  species,  but  when  the  forms  are  common  to  the  GAj  beds  of 
Sind,  and  are  not  known  to  occur  in  older  group  of  that  area,  it  may  fairly 
be  inferred  that  they  are  probably  restricted  to  the  same  horizon  in-  Cutch. 

The  Gdj,  or  miocene,  rocks  of  Cutch  consist  of  sandstones  at  the  base, 
with  a  few  nodular,  marly  and  ferruginous  bands  often  containing  Turrk 
tella,  Venus  granosa,  and  Corbula,  Above  the  sandy  beds  are  marly 
limestones  and  shales,  next  calcareous  grits,  and  then  a  considerable 
thickness  of  shales,  clays,  and  marls.  The  most  fossiliferous  beds  are  the 
marly  limestones  and  shales.  Only  the  eebinoderms  from  these  beds,  have 
as  yet  been  critically  examined,  and  of  16  species  no  less  than  S  are. also 
known  from  the  Gaj  group  of  Sind,  one  being  Breynia  cannaia,  one  of  the 
most  characteristic  GAj  forms. 

The  miocene  beds  are  more  extensively  developed  in  Cutch  than  are 
the  nummulitics.  They  are  found  not  only  in  the  west  of  the  province 
around  the  extremity  of  the  Jurassic  and  trap  area,  but  eastwards,  resting  ; 
upon  the  subnummulitic  group,  as  far  as  about  half  way  across  the  province.  ' 
To  the  westward,  however,  the  present  grouo  is  overlapped  by  the  next  • 
in  ascending  order.  . 

The  representative  of  the  Si w Alik  rocks  in  the  sub-Himaldyan 
tract,  and  of  the  Manchhar  beds  in  Sind,  appears  to  be  widely  developed 
in  Cutch,  and  covers  a  large  area,  but  it  is  very  ill  seen,  being  greatly  con- 
cealed  by  alluvial  deposits.  The  principal  beds  are  more  or  less  ferruginous..'  • 
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discovery  of  fossil  mammalian  bones  by  the  Baron-  von  Huge?  in'  1836.  -• 

According  to  the  most  recent  examination  these  bones  'are  found  in' the 
conglomerate  bands,  bnt  principally  in  a  conglomerate  bed  which  lies 
considerably  below  high  water  level  and  is  obscured  by  a  thick  covering  of  • 
mud  for  the  greater  part  of  the  year.  During  the  months  of  April,  May  . 
and  June,  however,  the  south-east  end  of  the  reef  becomes  scoured  and 
free:  from  mud,  and  specimens  of  fossil  bones  can  be  found.  As  in  all  other 
Indian  localities  for  fossil  bones,  the  first  collectors  found  a  rich  harvest  • 
in  (he  accumulation  of  ages,  while  their  successors  have  to  be  content  with 
but  occasional  and  fragmentary  specimens.1  '  -  •  . 

The  known  mammals  from  Perim  island  comprise  ten  species,  of  which 
four,  Mastodon  tatidens,  M.  perimensis,  Rhinoceros  perimensis,  .and ' 
Stts  hysudneus,  are  common  to  the  Siwttlik  beds.  All  these  forms  are, 
however,  found  in  other  fossil  faunas ;  Mastodon  f  crime  ash,  and  Sus 
hysudric.us  being  met  with  in  the  lower  Manchbar  beds  of  Sind,  Rhi¬ 
noceros  perimensis  in  the  Irawadi  deposits,  and  Mastodon  /at ideas  in 
both,  so  that  all  the  forms  common  to  Perim  island  and  the  Siwiliks 
arc  clearly  species  of  wide  range.  The  absence  of  Elephas  and  its  sub-  , 
genera,  and  of  bovines,  and  the  presence  of  Dinoiherium ,  tend  strongly'  . 
to  make  the  Perim  island  fauna  appear  of  greater  age  than  the  Siyv£fik  - 
generally,  but,  on  the  other  hand,  the  presence  of  so  highly  specialised 
a  genus  as  Capra,  if  the  generic  determination  be  accepted,8  the  -occur¬ 
rence  of  Camelopa.rda.lis  and  A  ntilope,  and,  above  all,  the  absence,  so  far 
as  is  known,  of  Anthracatherium ,  Hyopotamus  and  other  older  ungulate  . 
types  so  abundant  in  the  miocene  beds  of  Sind  and  the  Punjab,  are  op¬ 
posed  to  the  idea  that  the  Perim  island  rocks  can  be  of  higher  antiquity  • 
than  pliocene,  They  possibly  occupy  an  intermediate  position,  between  ’ 
the  Siwdliks  proper  and  the  Manchbars  of  Sind,  but  they  are  more  nearly  • 
allied  to  the  former.  .  -■  ; 

In  the  north-western  portion  of  the  Kdthidvvdr  peninsula  the  .fossiii- 
i crons  Gaj  beds  are  overlaid  by  what  have  been  described  as  the  Dwarki  ■ 
beds.  They  consist  of  soft  yellow  earthy  or  marly  clays,  gypseous  in  part,  ; 
overlaid  by  more  or  less  marly  or  arenaceous  limestones,  generally  soft 
and  porous,  largely  composed  of  Foraminifera  cemented  by  calcite,  or  of 
comminuted  shells  and  corals.  No  recognisable  fossils  have- been  found 
in  these  beds,  and  their  relation  to  the  underlying  fossiliferous  miocerte  • 
beds  was  not  determinable ;  it  is  probably  one  of  conformity  in  spite  of  ■ 
the  sudden  change  of  lithological  character,  .  •  '  • 

1  P,  Fedden,  Memoirs,  XXT,  39,  (1884.) ;  see  1  with  the  horn-cases,  and  that  nuthiug  is  known  , 
also  W.  T.  Blanton!,  Memoirs,  VI,  374,  {1869).  J.  of  the'  greater  part  of,  the  cranium,  the  teeth 

5  It  should  not  be  forgotten  that  Copra  I  or  the  limb  bones.  See  bydtikker,  Pal.  Indic.-t, 
pi'riuuiisrs  is  founded  solely  on  a  frontlet  I  series  x,  I,  83,  170,  PI.  xxviii,  fig.  4,  {1884). 
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Turning  to  Afghdn-Turkistdn,  there  appears  to  be,  as  in  Sind,  a  perfect 
conformity  between  the  cretaceous  and  tertiary  beds.  In  the  synclinal  of 
Mathar,  100  miles  south-east  of  Balkb,  the  upper  cretaceous  limestones  are 
overlaid  by  sandstones  and  greenish  shales  in  which  no  fossils  were  found, 
except  an  Exogyra  and  Centhtum ,  and  some  fucoid  markings  and  badly 
preserved  remains  of  fishes  and  crustaceans.  These  beds ;  may  be 
regarded  as  eocene;  they  are  overlaid  by  red  sandstone,  with  a  few 
clay  bands  and,  towards  the  top,  conglomerates  composed  principally  of 
pebbles  of  upper  cretaceous  limestone,  covered  by  a  great  thickness  of  sand¬ 
stones  and  shales,  containing  a  few  fresh  water  shells  and  passing  upwards 
into  soft  gypseous  clays.1 

Besides  the  exposures  in  synclinal  basins  within  the  hills,  a  zone  of 
tertiary  beds  is  found  all  along  the  edge  of  the  alluvium  of  the  Oxus  val¬ 
ley.  Here,  however,  the  eocene  clays  are  wanting  and  the  red  beds  with 
conglomerates  rest  directly,  in  apparent  conformity,  on  the  upper  creta¬ 
ceous  limestone.  They  pass  upwards  with  a  gradual  transition  into  the 
recent  deposits,  and  in  the  upper  portion  of  the  section,  there  occur  beds 
which  are  undistinguishable  from  the  recent  wind  blown  loess  of  the  Oxus 
valley.8 


The  northern  extension  of  the  Suldimdn  range  has  not  been  examined 
geologically,  but  there  is  good  reason  to  suppose  that  the  fringe  of  Siwdlik 
rocks  is  continuous  with  great  area  of  tertiary  deposits,  extending  from 
the  north-west  corner  of  the  Punjab  along  the  outer  edge  of  the  Himalayas 
to  the  border  of  Nepdl.  The  general  description  of  the  Himilayan  terti- 
aries,  with  which  must  be  included  those  of  the  north-west  corner  of  the 
Punjab,  will  be  deferred  to  the  following  chapter,  but  it  will  be  well  to 
notice  in  this  place  a  portion  of  the  Kohdt  district  west  of  the  Indus, 
where  the  lower  tertiaries  exhibit  some  peculiarities  not  noticed  elsewhere. 
The  eocene  rocks  are  well  developed  in  this  region,  and  the  section 
exposed,  although  only  a  few  miles  distant  from  parts  of  the  Salt  range, 
differs  in  some  important  points.  The  following  is  abridged  from  Mr. 
Wynne’s  summary  of  the  rocks  exposed  : — 8 

Thickness  in  feet, 


Pliocene  a 
Miocene 


'  Upper  sandstones.— Soft,  grey  sandstones,  clays  and 

1  conglomerates . 500  to  1,500 

'.Lower  sandstones. — Harder  grey  and  purple  sand- 
I  stones,  bright  red  and  purple  days,  slightly  cal- 
„  careous  and  pseudo-conglomeratic  bands  .  .  3,000  to  3,500 


•C.  L.  Griesbacb,  Records  XIX,  255,  (1886).  ]  (1886). 

1  C.  L.  Griesbach,  Records,  XIX,  2.57,  259>  '  8  Wynne,  Memoirs,  XI,  101,(1875}. 
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/  Opfii’r  tiimmnlitic.-  Numitiulitic  limestone  and  some 
(  shaly  bands  .  {«>  to  loo 

I  Rsd  day  emu,  nr  lowef  nvmmuUttc.—'Rea  clay,  .  '  - 

,.  . ^  )  bweriiler  coloured  near  the  lop,  occasionally  •■with  , 

hsH.'EfjR  .  Nummuliles.  The  lower  portion  of  the  red  days  . 

I  in  places  is  partly  or  wholly  replaced  bv  fossilifer-  - 

I  ous  sandstones,  thick  j^rcenish  clays  and  bands  of  . 

limestones,  nil  containing'  Nuniniulities  .  '15010406 

(Gypsum —'White,  grey  or  black  gypsum  with  bands  ... 

\  of  clay  or  shale  .  -  •  5010300' 

Koofnb?  . < Rock  salt.— Thickbeds  of  salt,  almost  pure.  The-  ,  •  •  '  . 

)  base  not  seen . '300  to  700  . 

V  ,  1  {1,200), 

The  region  examined  is  the  hilly  tract  north  of  the  Ban  no  plain  and 
of  the  Chich&li  hills,  and  extending  from  the  Indus,  on  the  east,  to  the 
British  frontier.  The  ground  is  traversed  by  a  series  of  east  arid  west 
ranges,  chiefly  formed  of  crushed  and  broken  anticiinals  of  the  nummulitic 
limestone  and  the  associated  rocks.  -  - 

The  rock  salt  and  gypsum  at  the  base  of  the  tertiary  series  in  the 
Kohit  region  are  very  important  and  remarkable.  The  salt  consists  of 
a  more  or  less  crystalline  mass,  usually  grey  in  colour,  with  transparent 
patches,  and  never  reddish  like  the  salt  of  the  Salt  range.  A  few  earthy 
bands  occur,  but  the  portion  of  the  whole  mass  too  impure  to  be  worked 


Fig.  xS.  —  Hill  of  rock  salt,  200  ft.  high,  at  Bahadur  Khel,  after' Wynne. 


for  commercial  purposes  is  but  small,  although  there  is  no  attempt,  at 
refining  the  salt,  which  is  exported  for  sale  in  the  form  in  .which,  it,  is 
mined.  In  some  places  the  uppermost  layer  is  dark' coloured,  almost  black. 


kohAt  salt  region. 
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und  bituminous.  The  quantity  of  salt  is  something  marvellous  ;  in  the 
anticlinal  near  Bahadur  Khcl  alone,,  rock  salt  is  seen  for  a  distance  of 
about  eight  miles,  and  the  thickness  exposed  exceeds  1,000  feet,  the  width 
of  the  outcrop  being  sometimes  more  than  a  quarter  of  a  mile.  As  a  rule. 


the  salt  contains  sulphate  of  lime  (gypsum),  but  none  of  the  potassium 
and  magnesium  salts  of  the  Salt  range  beds. 

Above  the  salt  come  gypsum  and  clays,  as  in  the  Salt  range,  but  the 
colours,  white  and  grey,  are  very  different,  and  the  whole  appearance,  of  both 
salt  and  gypsum,  is  so  distinct  from  the  Salt  range  marl  that,  although 
there  is  no  indication  of  salt  beds  at  a  higher  level  in  the  Salt  range 
itself,  and  although  the  outcrop  of  the  salt  marl  close  to  Kilabagh  on  the 
Indus  is  only  eighteen  miles  from  one  of  the  KohAt  rock  salt  regions,  it 
appears  probable  that  the  salt  bearing  rocks  in  the  KohAt  district  may 
belong  to  a  very  different  horizon  from  that  occupied  by  the  same  miner¬ 
als  in  the  Salt  range  series,  a  supposition  supported  by-the  fact  that  a  great 
series  of  mesozoic  and  palaeozoic  beds  intervenes,  throughout  the  Salt 
range,  between  the  nummulitic  group  and  the  salt  marl,  whilst  in  KohAt 
the  former  rests  with  apparent  conformity  upon  the  gypsum  and  salt.  It 
is  by  no  means  certain  that  the  Kohdt  salt  and  gypsum  are  eocene,-  but,  in 
the  absence  of  any  evidence  to  the  contrary,  it  appears  best  to  class 
them  with  the  nummulitic  beds  immediately  overlying  them.1 

Overlying  the  gypsum,  there  is  usually  found  a  thick  bed  of  deep 
red  clay,  whose  eocene  age  is  proved  by  the  occasional  occurrence  of 
nummulites  in  the  upper  portion.  Sometimes  the  red  clay  is  wanting,  and 
apparently  replaced  by  grey  or  olive  coloured  clays,  marls,  and  limestones 
containing  nummulites,  but  the  replacement  is  not  clearly  proved. 
Above  the  red  clay  zone  come  earthy  limestones,  clays,  and  shales 
with  nummulites.  The  main  band  of  limestone  is  very  much  thinner 
than  in  the  Salt  range,  but  is,  as  usual,  massive,  pale  coloured,  and  full 
of  Nummulites ,  Alveolina,  etc.  The  overlying  formation,  consisting  ot 
sandstones  and  clays,  in  which  dark  red  and  purple  colours  predominate, 
exceeds  all  the  eocene  beds  in  thickness,  and  is  probably,  like  the  sund- 
■These  conclusions  would  have  to  be  modi-  I  the  salt  ami  gypsum  is  adopted. -see 
tied  if  the  hypothesis  of  hypogene  origin  of  ‘  p  m. 
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stones  and  days  overlying  the  nummulttic  limestone  of  the  Salt  range, 
really  of  much  later  age  than  the  limestone  on  which  it  rests. 

Pebbles  of  nmnmulitic  limestone  are  said 1  to  be  found  in  the  lowest'  ■ 
beds  of  the  sandstone,  and  some  reptilian  bones  {not  determined),  silici- 
fied  fossil  wood,  and  a  few  ill  preserved,  ribbed,  bivalve  mollusca  have  • 
been  found,  but  no  characteristic  organic  remains.  The  beds  resemble'  0 
those  of  the  Murree group  and  pass  upwards  into  undoubted  newer  tertiary 
(Sivvalik  or  Manchhar)  strata  of  the  usual  character,  the  red  colon's  be-  • 
coming  rarer,  and  the  usual  drab  grey  sandstones  and  orange  or  drab  clays 
being  the  prevailing  rocks.  '  ' '  ; 

When  traced  in  a  westerly  direction  towards  Thai,  the  eocene  beds 
are  said  to  change  in  character,  the  limestones  being  replaced  by- hard 
sandstones  and  greenish  grey  or  purple  shales  and,  on  the  right  bank. of 
the  Kuram  river  opposite  Thai,  volcanic  beds  occur  among  them.  ‘  The  ' 
beds  are  said  to  be  penetrated  and  indurated  by  intrusions  of  a-  dark 
coarse  crystalline  trap,  and  besides  the  intrusions  agglomerates  and  fine  * 
grained  tufaceous  irappean  beds  are  found  in  alternating  layers.”  No 
other  occurrence  of  volcanic  beds  in. the  eocene  of  northern  India  is  known-, 
and  as  the  Thai  locality  was  visited  under  circumstances  extremely  un-  - 
favourable  for  geological  investigation,  too  much  importance  must  not  be 
attached  to  the  observations. 


No  lower  tertiary  rocks  are  known  south  of  the  great  snowy  Tange  tif 
the  Himalayas,  between  the  small  outliers  folded  among  the  pretertiary 
slates  in  western  Garhwal  and  their  re-appearance  on  the  soul  hern  side 
of  the  Assam  range.  Nearly  the  whole  of  this  tract  of  the  Himalayas  is 
inaccessible  to  geological  observation  and  it  cannot  consequently  be 
Stated  with  confidence  that  the  lower  tertiaries  are  altogether  'wanting, 
but  the  general  run  of  their  northern  boundary,  in  Un.  north- west  portion  ■ 
of  the  Himalayas,  appears  to  indicate  that  the  eocene.  coa*t  line  trended 
south  of  the  present  limit  of  the  Himalayas,  and  malts  it  improbable 
that  any  lower  tertiary  marine  beds  would  be  found  east  of  Garhwal,  even 
if  the  country  now  inaccessible  were  open  to  observation. 

At  the  western  extremity  of  the  G3.ro  hills  the  nummulitic  deposits  - 
contain  only  one  thin  band  of  limestone  about  40  feet  thick,  resting  conform¬ 
ably  upon  the  cretaceous  sandstone.  Even  this  limestone  is  often  earthy, 
nodular,  andochreous,  with  shaly  partings,  the  purer  portion  being -generally  . , 
formed  of  a  mass-  of  Nummulites granulosa,  in  various  stages  c-i  growth.  The 
series  generally  exhibits  a  shallow  water  type  and  an  approach  to  the  original 
margin  of  the  eocene  sea.  Throughout  the  formation  there  are  no  clear' 

!  A.  B.  Wynne,  Memoirs,  XI,  170,  (1875).  I  »  A.  B.  Wynne,' 31  tenrdt,  XII,  ni,  (iSyyy  -  - 
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sandstones  ;  clays  and  soft  earthy  sandstones  overlie  the  limestone  and  are 
with  difficulty  distinguished  from  the  succeeding  upper  tertiary  deposits. 
This  character  is  most  pronounced  at  the  west  end  of  the  hills,  where  the 
formation  strongly  resembles  the  most  characteristic  beds  of  the  Subdthu 
group  in  the  north-west  Himalayas.  No  coaly  layer  has  been  found  in  the 
•  series  in  the  Gdro  area.  The  lower  tertiary  beds  are  not  confined  to  the 
southern  margin  of  theGaro  hills,  outliers  being  found  in  some  of  the  basins 
of  the'-cretaceous  rocks  north  of  the  Turd  range.  The  country  has  not, 
however,  been  sufficiently  closely  surveyed  to  show  whether  these  indicate 
the  same  thinning  out  and  approach  to  the  original  shore  line  as  is  seen  in 
the  Khdsi  hills  further  east. 

A  number  of  fossils  obtained  from  the  lower  tertiary  beds  of  the  Giro 
hills  appear  to  belong,  so  far  as  they  can  be  identified,  to  eocene  species,1 
and  the  presence  of  bands  of  limestone  full  of  nummulites  is  in  itself  suffi- 
cient  to  fix  the  age  of  these  beds  as  eocene. 

To  the  east,  the  nummulitics  show  a  change  to  deposits  of  more  pelagic 
character,  in  which  there  is  a  great  development  of  clear  nummulitic  lime¬ 
stones.  The  transition  between  the  prevailing  types  of  deposits  in  both 
the  cretaceous  and  nummulitic  strata  is  in  the  ground,  described  by 
Colonel  Godwin-Austeu,  on  the  confines  of  the  Giro  and  Khasi  hills, 
where  the  upper  tertiaries  have  been  almost  denuded  away  from  the  base 
of  the  range,  and  here  a  partial  unconformity  was  noticed  between  these 
systems. 

The  general  character  of  the  nummulitic  series  at  the  foot  of  the  Khasi 
hills  is  shown  by  the  section  in  the  Tharia  river,  where  the  following  beds 
are  exposed,  all  with  a  high  southerly  dip  : — 8 

7,  Limestone,  coarse,  massive,  blue  . 

6.  Sandstone,  dear,  yellowish,  coarsish 

5.  Limestone,  fine,  compact,  blue  or  pink  . 

4.  Sandstone,  earthy,  greenish,  ochrey  , 

3,  Limestone  ...... 

2.  Sandstone,  yellowish  .... 

1.  Limestone . 


T01 


On  the  highlands  immediately  to  the  south-west  of  the  station  of  Cherra 
Punji,  there  is  a  small  plateau  of  nummulitic  strata,  very  much  reduced 
in  thickness.  The  bottom  80  feet  are  of  limestone,  covered  by  about  an 
equal  thickness  of  sandstone,  not  markedly  different  from  the  underlying 
cretaceous  rock.  At  about  ten  feet  above  the  limestone  there  is  a  thirl, 
seam  of  bright  coal,  the  well  known  Cherra  coal.3  The  limestone  rests 

>  Records,  XX,  42,  (1887;.  |  J  wm,  1,  if’,  185,  AViv  .A  ,  XXII, 

1  Memoirs,  VII,  164,  (1869).  |  lb?,  <  ifSy). 
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directly  upon  the  shiThcu  of  the  Cherra  sandstone,  without  -any  sign  •  . 
oi  denudation,  and  I  ho  bedding  is  parallel,  having,  a  soutbvrly  slope 
of  three  degrees.1  The  fossils  -  from  this  limestone  we, re  determined 
hy  Dr.  Stoliczka ;  portions  of  the  rock  consist  almost  eulir-dy-  of  srnrdf 
specimens  of  Opercnlim  canaUfera,  NummuLtes  incasana,  and 
N,  ramundi,  both  the  last  species  very  small,  species  ‘of  eelmsoderms, 
fragments  of  oysters,  Peclen ,  Cardium  salteri  and  fragments  of  Nutica 
Ccrilhitnu ,  Tnrriiella,  etc.2  ■  ■ 

Close  to  the  north  of  the  coal  hill,  the  nummulitic  beds  occur  again  in. 
equal  thickness,  under  the  native  town  of  Cherra  Punji.  '3‘he  limestone 
is  not  seen  here,  but  this  may  be  partly  due  to  concealment.  The  iriitn-  . 
mulitic  sandstone  forms  the  highest  ground  of  the  plateau  from  Cherra 
Punji  to  beyond  Surarim.  Carbonaceous  markings  are  frequent  in  it, 
and  at  Lairangao,  four  miles  north  of  Cherra  village,  there  is  a  workable 
seam  of  coal.  It  is  at  about  the  same  height  over  the  cretaceous  sandstone 
as  the  seam  at  Cherra,  but  the  underlying  beds  are  all  sandstone 
and  shale,  except  one  bottom  bed  of  limestone,  resting  on  the  Cherra. 
sandstone.  In  this  limestone  bed  Operculina  canal  if  era  and  Numtnuliies 
lamarcki  are  very  common  ;  with  these  occur  a  Trochocyathus,  Styfoccenia 
vicaryi,  Eehinolampas  spheroidalis ,  a  small  Cardita,  Pectcn ,  N alien  ro/taltij 
Keilosloma  marginatum,  a  Ziziphinas,  the  Small  Cerithmm  hookcri,  casts 
of  a  large  N  a  tic  a,  Centhium  and  Terebellum} 

Under  Surarim,  only  a  mile  from  Lairangao,  this  bottom  bed  of  lime* 
stone  is  wanting,  being  apparently  overlapped  by  the  carbonaceous 
sandstones,  which  themselves  come  to  an  end  in  a  low  bluff,  two  miles 
further  north,  near  where  the  road  bifurcates.  ■ 

In  the  corresponding  section  oft  the  Bogapdni,  below  Chela,  there  is  a  ' 
coaly  layer  in  the  sandstone  just  over  the  bottom  limestone,  which  may 
sufficiently  establish  the  identity  of  these  two  bottom  bands  with  those  on 
the  plateau  above,  the  marine  bed  having  increased  in  thickness,  and 
this  marine  character  is  here  strongly  stamped  upon  the  whole  series. 

In  the  KhSsi  hills,  at  least  on  the  Cherra  section,  the  northern  thinning 


1  This  little  plateau  at  Cherra  offers  a  re-  j 
markable  instance  of  a  form  of  denudation  I 
that  is  not,  perhaps,  taken  sufficient  account 
of  in  geological  espUnations.  The  scarp  is 
very  regular  and  well  defined  at  many  points  ; 
but  the  upper  surface  of  the  area,  about  a 
square  mile  in  extent,  is  a  chaos  of  tilted  masses 
of  the  upper  sandstone.  This  is  clearly  due 
to  the  more  or  less  complete  removal  by  solu¬ 
tion  of  the  supporting  limestone.  Colonel 
Godwiu-Austen  has  described  a  much  larger 
instance  of  this  form  of  denudation  in  the 
Gdro  hills,  where  a  considerable  enclosed  catch¬ 
ment  basin  is  drained  underground.  —  four. 


As.  Sec.  Seng.,  XXXVIII,  pt.  ii,  s>,  (1869). '  . 

*  Memoirs,  Vll,  167,  (1869).  The  fossils  de-  . 
scribed  from  eastern  Bengal  by  MM.  D'Arclnac  ' 
and  Hainte  in  their  “Groupe'  Numtnulitique  de 
l’inde”  were  ali  from  the  Khisi  hills ;  but  their 
specimens  were  so  mixed,  probably  even  inclu¬ 
ding  fossils  from  the  cretaceous  beds,,  that  the 
value  ot  their  identifications  is  don  tfal.  As 
the  authors  themselves  remark— “  On  voit  tju’U 
y  a  un  certain  vagus  dans  les  rapports -de  ’ 
plusieurs  des  assises  •  ,  qtte  n6us  '  venous 
d’indiquer.”— A  c.,  p,  177. 

3  These  fossils  were  determined  by  Dr- 
Stoliczka,—  M evwirs,  VII,  167,  (1869),  .. 
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out  of  the  nuuimulitic  series  upon  Llis  gneissic  plateau  is  not  so  clearly 
seeu  as  in  the  case  of  the  cretaceous  rucks,  because  only  remnants  of 
the  bottom  bands  are  preserved  there.  It  will  be  seen  however,  from  what 
has  gone  before,  that  there  is  a  distinct  indication  of  a  northerly  thinning 
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7 5J  ,if  solid  com!,  and  sonic  v«  ry  thick  seams  have  1jc*-n  traced  fur  more 

than  a  mile  without  diminution.  'Hie  sandstones  and  shales  often  contain 
nodules  and  layers  of  day  ironstone.  Earthy  and  ferruginous  limestone 
occurs  sparingly  in  thin  concretionary  hands,  also-  some  layers  of  hard 
tough  magnesian  limestone.  -  The  coal  measure  shales  decompose  into  a 
very  tenacious  blue  day,  differing  in  this  respect  from  the  Disang  shales, 
which  arc.  more  dunchy.  ,  - 

On  the  interesting  question  of  the  age  of  these  very  imported  and 
extensive  coal  measures,  there  is  little  evidence  for  opinion  and  that  little- 
suggests  a  middle  tertiary  horizon.  The  coal  itself  is  a  trbe  coal  of 
superior  quality,  not  lignite,  as  is  attested  by  its  composition —  ,  ' 

Average  composition  of  27  Assam  coals  ,  6o'o  36-2  ■  3-3 

Ditto  of  17  Rara'ganj  coals  ,  gvi  32-6  16-3 

It  is  not  unlike  the  nummulitic  coal  of  the  Khdsi  bills,  and  quile’uniiko 
the  cretaceous  coal,  which  maintains  its  peculiar  characteristics  into  .close.- 
proximity  to  the  Assam  fields.  The  only,  fossils  found  in  the  scorns 
are  bad  impressions  of  dicotyledonous  leaves  and  no  trace  of  animal  life 
has  been  seen  in  any  of  the  associated  rocks.  The  strongest  point  in  the' 
argument  is  the  closely  transitional  relation  between  the  measures  and  the 
Tipam  sandstone,  which  is  a  very  typical  representative  of  the  Siwilik 
rock,  and  almost  undoubtedly  belongs  to  the  upper  tertiary  period.  In  . 
the  Kliasi  hills,  as  in  the  Punjab,  the  nummulitic  coal  occurs  near  the' 
very  base  of  the  formation.  There  are  about  1,000  feet  of  marine  uummu- 
lilics  above  the  coal  bed  in  the  Tharia  section,  but  the  upper  Assam 
coal  measures,  if  they  are  nummulitic  at  all,  would  seem  to  belong  to  the 
upper  limits  of  the  series,  "  '■ 

The  nummulitic  beds  in  the  G&ro  hills  pass  into  the  upper  tertiaries, 
which  may  here  be  divided  into  a  lower  group  of  fine  grained  sand 
stones  with  marine  fossils,  and  an  upper  unfossiliferous  group  of  rusty 
sandstones,  variable  in  grain,  with  grey  shales.  These  uppermost  tertiary 
beds  have  not  yielded  any  fossils  to  recent  observers,  but  in  1821"  Mr.  Cble- 
brooke  read  to  the  Geological  Society  of  London  1  some  observations 
on  these  rocks  by  Mr.  David  Scott,  then  Commissioner  of  Kiich  Behar. 
fn  those  days  the  Brahmaputra  flowed  at  the  foot  of  the  hills,  and  at  one- 
spot  on  the  left  bank  Mr,  Scott  found  some  fossils.  The  exact  locality 
is  not  given,  but  it  was  somewhere  between  the  Kalu  and  Mahendragan] 
(or  Karibdri),  probably  nearer  the  latter  place,  The  position  in  the  series 
is  not  known,  but  it  seems  certain  that  the  bed  belonged  to  the  rocks  of 
the  hills,  not  to  the  older  alluvium,  for  it  is  described  as  at  the  foot  of  a 
1  Geoh  Trans.,  series  ii,  I,  132,  (1824), 
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small  hill,  rising  about  twenty  feet  over  the  general  elevation  of  the  plain. 
The  fossils  were  a  strange  mixture  of  marine  with  land  and  fresh  water  forms, 
and  amongst  them  Mr.  Pentland  described1  the  teeth  of  Anthracotherium 
silistrense,  a  species  that  has  since  been  found  in  the  Manchhar  (upper 
miocene)  beds  of  Sind.2 

The  change  of  character  that  is  so  marked  in  the  cretaceous  and 
nummulitic  deposits  from  west  to  east  has  not  been  observed  in  the  upper 
tertiari'es  J  there  certainly  can  be  no  striking  feature  of  this  kind.  A 
massive  soft  greenish  sandstone  is  the  most  prominent  rock.  It  is  some¬ 
what  like  the  common  Siwdlik  rock,  but  more  earthy  and  of  darker  hue. 
The  associated  beds  are  mostly  grey  shales,  unlike  the  brown  and  ochrey 
clays  of  the  sub-Himdlayan  series,  and  the  fossils  show  that  even  at  the 
western  end  of  the  range  the  deposits  are,  in  part  at  least,  marine.  In  Mr. 
Scott's  notes  of  the  section  on  the  Brahmaputra,  local  contortions  are 
noticed,  and  this  condition  increases  eastwards.  On  the  Sumesari, 
nearly  sixty  miles  further  east,  where  the  tertiary  zone  is  fourteen  miles 
wide,  the  state  of  disturbance  is  still  only  partial.3  At  the  southern  edge 
of  the  hills  the  dip  is  40°  to  the  south,  in  very  new  looking  strata,  there 
is  then  a  broad  band  in  which  the  beds  are  flatly  undulating,  after  which 
they  rise  again  with  a  steady  and  increasing  southerly  dip. 

Nothing  like  a  general  unconformity  in  the  tertiary  series  was  noted  in 
the  section  of  the  Sumesari. 

Further  east  lies  the  ground  described  by  Colonel  Godwin- Austen  on  the 
confines  of  the  Garo  and  Khdsi  areas,  where  the  upper  tertiary  rocks  have 
been  almost  denuded  away  from  the  base  of  the  range,  the  little  that  is  left 
of  them  being  nearly  vertical.  Here,  too,  is  the  transition  ground  of  the 
prevailing  marine  type  of  deposits  in  both  the  cretaceous  and  nummulitic 
strata.  Here  a  partial  unconformity  was  noticed  between  these  formations 
and  this  is  the  only  position  in  the  western  part  of  the  range  where  the 
upper  terfiaries  have  been  found  on  the  plateau  inside  the  line  of  dis¬ 
turbance.  The  summit  of  Ncngkulang  hill  (2,070  feet)  is  formed  of 
rusty  sandstones  and  shales,  resting  horizontally  upon  the  undisturbed 
nummulitin  limestone.  In  a  collection  of  fossils  from  these  beds,  sent  by 
Colonel  Godwin-Austen,  Dr.  Stoliczka  found  the  genera  Conus,  Delimit, 
Dentalium,  Cardita ,  Cardium,  Tellina ,  Nucu.la ,  Leda,  Cucullara,  and 
several  others,  and  he  remarked  that  none  of  the  species,  so  far  as 
recognisable,  appeared  to  be  identical  with  those  known  from  the  num¬ 
mulitic  beds  of  the  same  district.  This  fact  suggests  that  these  detached 
beds  on  the  heights  may  be  an  overlap  of  some  beds  of  the  series 
higher  than  those  that  seem  to  be  in  transitional  sequence  with  the 

‘  Geol.  Trans.,  series  ii,  II,  393,  (182 9).  j  Memoirs,  VII,  103,  (1809). 

*  Records,  X,  77,  (187;).  I 
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miminujiiies  in  the  sections  to  I  he  west.  This  view  is  strengthened 
by  the  fact  (hut  Colonel  Godwin-Austen  observed  some  cases  of  load 
denudation  unconformity  between  these  fossilifcrotis  sandstone^  and  the  - 
nummulitic  limestone,  the  strata  being  still  quite,  parallel.-1 

The  exposure  of  upper  tertiarics  south  of  the  Garo  hills  narrows  in  an  ' 
easterly  direction,  and  from  about  twenty  miles  east  of  the  Sumesari  river  -• 
the  disturbed  upper  tertiaries  have  been  removed  by  denudation,  along  the 
foot  of  the  KMsi  and  Jaintia  bills,  't  hey  come  in  again  where  the  strike 
of  the  disturbance,  which  marks  the  southern  margin  of  the  plateau  of  the 
Assam  range,  turns  north-easterly,  and  occupy  a  large  area  in  the  hilly  , 
country  between  Assam  and  Burma,  and  to  the  south  of  the  Cachar  valley, 

The  observations  in  this  country  are  scanty  and  scattered.  In  the'  ” 
Kasorn  range,  on  the  eastern  limit  of  Manipur  territory,  they  consist  of,  . 
sandstones  with  but  few'  argillaceous  bands,  containing  numerous  car¬ 
bonised  fossil  tree  trunks,  and  nests  of  coaly  matter,  but  no  coal  seams 
were  observed.  Further  south,  however,  well  marked  coal  seams  have  - 
been  found  in  what  appear  to  be  the  same  beds  on  the  west  side  of  the 
Chindwin  river.  Fossil  resin  was  found  in.  the,  Manipur  hills,  and  it  is  ■ 
probable  that  the  amber  mines  of  Upper  Burma  are  excavated  in  beds  of  -  •' 
this  age.2  . 

Further  north  marine  fossils,  among  which  is  an,  undetermined 
species  of  Venus,  were  found  near  Sfim&guting  in  beds  which  probably 
represent  the  lower  group  of  the  Giro  hills. 

In  upper  Assam,  the  upper  tertiary  beds  were  described  by  Mr,  Mallet  as  - 
the  Tipam  and  Dihing  groups.  The  greenish  grey,  pepper  and  salt, 
sandstone  of  the  Tipam  range  undoubtedly  alternates  with  the,  top  beds 
of  the  coal  measures,  but  the  shaly  beds  rapidly  cease  and  the  sandstone 
becomes  very  massive.  Some  coaly  partings  were  also  observed  well  up  • 
in  the  Tipam  group,  and  fossil  wood,  whether  ,  silicified  or  semicar- 
bonised,  sometimes  in  very  large  blocks,  is  common  throughout  this  great 
sandstone  formation,  as  well  as  in  the  upper  conglomeratic  beds. 

The  upper  (Dihing)  group  is  less  like  the  corresponding  group  of  the, 
Siwiliks  than  is  the  Tipam  sandstone,  and  two  points  are  noteworthy  in  . 
it.  Some  of  the  bottom  beds  are  coal  conglomerates,  made  tip  almost-  . 
exclusively  of  rolled  fragments  of  coal,  presumably  of  the  coal  seams 
underlying  the  Tipam '  group.  This  peculiar  conglomerate  has  been 
observed,  at  great  distances  apart,  at  the  top  of  the  Tipam  sandstone , 
along  the  main  fault  The  ordinary  conglomerates  of  the  "group,  are 
composed  of  well  rolled  pebbles  of  fine  hard  sandstone,  identical,  in.  . 
appearance  with  the  Disang  sandstone..  The  beds  associated  with  these  • , 

1  four.  AS.  Sec.  Beng.,  XXXVJ1I.  pi.  S.  »4t  j  8  Memeirs,  XIX,  2*6,  (iS8j).  '  ■ 

s 6,  (1869).  ‘  '  "  ’  ’  -  ' 
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conglomerates  are  blue  sandy  clays,  not  like  the  brown  and  red  clays  of 
the  upper  Siwdliks,  at  least  of  north-western  India. 

The  distribution  of  these  upper  tertiary  sandstones  presents  some 
peculiarities  which  require  notice.  At  the  eastern  end  of  the  Assam  range 
they  come  in  where  the  zone  of  disturbance  which  marks  its  southern 
face  diminishes  in  intensity  and  at  the  same  time  turns  to  the  north¬ 
east.  'From  here  they  extend  eastwards  into  the  Patkoi  range,  but 
do  not  extend  across  the  hill  country  of  Manipur.  In  the  parallel  of 
Manipur  city  there  is  a  stretch  of  about  100  miles  broad  of  pretertiary 
beds,  before  the  upper  tertiaries  are  again  found  capping  the  range  which 
looks  down  on  the  Chindwin  valley.  To  the  north  of  the  valley  of 
Manipur  the  upper  tertiaries  are  found  capping  the  higher  ranges,  and 
further  north,  in  the  Angdmi  Ndgd  hills,  there  is  only  some  ten  or  twelve 
miles  between  the  boundary  of  the  sandstones  forming  the  high  peak  of 
Japvo  and  the  margin  of  the  eastern  area  of  upper  tertiaries.  No  details 
are  known  of  the  geology  of  the  hills  to  the  north-east  of  this,  but  the  pre¬ 
tertiary  slates  and  sandstones  of  Manipur  and  the  Angdmi  Ndgd.  country, 
appear  to  be  represented  by  the  Disang  group  in  the  coal  fields  of  upper 
Assam.  Whether  there  is  a  continuous  outcrop  of  pretertiary  slates 
in  the  intervening  ground  is  not  known,  but  in  the  Singpho  country 
curther  east,  the  pretertiary  beds  are  completely  cut  out  by  the  tertiaries, 
which  extend  continuously  from  the  plain  to  the  crest  of  the  range. 

In  a  southerly  direction  from  Manipur  much  the  same  appears  to  take 
place,  for  east  of  Chittagong  Mr.  La  Touche  found  nothing  but  tertiary 
rocks  on  the  route  across  the  hills.  It  would  seem,  therefore,  that,  the 
Manipur  hills  are  an  area  of  special  elevation  from  which  the  newer  beds 
have  been  removed  by  denudation. 

In  the  last  paragraph  it  has  been  assumed  that  these  deposits  originally 
extended  over  the  area  where  they  are  now  wanting.  There  is  no  direct 
proof  that  they  ever  did  so,  and  the  general  resemblance  in  type  to  the 
Siwaliks  along  the  foot  of  the  Himalayas  might  suggest  that  they  were 
deposited  under  similar  circumstances,  and  that  their  original  was  not  very 
different  from  their  present  extension,  but  in  spite  of  a  certain  lithological 
similarity  to  the  Himalayan  Siwdliks,  there  is  a  much  greater  uniformity 
on  different  sections  than  they  exhibit.  The  present  boundaries,  too,  are  in 
all  cases  evidently  due  to  denudation,  and  there  can  be  little  doubt  that 
they  once  extended  right  across  the  hills  which  separate  Assam  from 
Burma,  at  any  rate  north  of  Manipur.  The  presence  of  marine  fossils  in 
these  sandstones  shows  that  they  were  deposited  under  different  condi¬ 
tions  to  the  Himalayan  Siwdliks,  which  we  will  see  were  formed 
subaerially  by  streams,  under  circumstances  closely  resembling  those 
that  now  prevail  along  the  foot  of  the  Himalayan  range. 
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Upper  tertiary  beds  occupy  a  large  area  in  Upper  Burma,  both  in  the 
valleys  of  the  lrawadi  and  Chindwin  rivers,  and  in  the  hills  to  the  west  of 
them.  Little  is  known  of  this  area,  as  no  detailed  geological  survey 
has  yet  been  practicable.  Cord  seams  an;  found  interbedded  with- the  sand¬ 
stones  west  of  the  Chindwin  river,  and  of  the  lrawadi  above  Mandalay, 'as 
also  in  the  small  outlying  patches  of  upper  tertiaries.  in  the  Shan  hills. 
Further  south  the  petroleum  of  Burma  is  derived  from  upper  tertiary  beds,, 
though  there  are  also  some  occurrences  of  very  minor  importance 'in  the 
older  tertiary  rocks  of  Pegu,  '  ' 

It  is  not  till  we  reach  the  province  of  Pegu  that  anything  approaching  ,a 
detailed  account  of  the  tertiary  deposits  is  available,  where  they  were 
divided  by  Mr.  Theobald  into  three  main  groups,  supposed  to  correspond 
more  or  less  to  the  eocene,  miocene,  and  pliocene  of  the  European  classi¬ 
fication,  but  it  will  be  best  to  retain  the  local  nomenclature,  'as'  the  fossil 
evidence  is  by  no  means  sufficient  to  establish  their  complete  equivalence. 
The  three  main  tertiary  groups  are  as  follows  :3 —  ,  ■ 


3.  Fossil  wood  group  ....  Sand  gravels,  etc.,  with  silicified  wdod  and 
mammalian  bones. 

2.  Pegu  group  .....  Shales  and  sandstones,  occasionally  cal¬ 
careous;  fossils  numerous,' 

S.  Nummulitie  .....  Shales  and  sandstone,  with  some  lime¬ 
stone  bands  containing  nummulites,  etc. 


There  is  but  little  to  distinguish  the  nummulitie  beds  of  Pegu  from  the 
Ma-f  and  Negrais  rocks,  beyond  the  much  smaller  amount  of  alteration 
that  they  have  undergone,  the  more  frequent  appearance  of  fossils, 
and  the  occasional  occurrence  of  limestone  containing  numniulites,  especial¬ 
ly  in  the  higher  part  of  the  group.  The  ordinary  beds  are  sandstones 
and  shales,  unaltered  but  frequently  hard  and  compact.  The  distinction 
from  the  Negrais  rocks  is  far  from  absolute.  The  tendency  to  a  passage 
between  the  two,  at  the  foot  of  the  hills,  has  already  been  noticed,  and 
there  are  in  places,  within  the  nummulitie  area,'  hulls  formed  of  hardened 
masses,  perhaps  older  than  the  rocks  around,  but  which  have  much  the 
appearance  of  being  the  same  beds,  slightly  altered.  .  t,  '  \ 
The  main  outcrop  of  the  nummulitie  rocks  extends  from  north  to  south 
throughout  the  province  of  Pegu,  between  the  Arakan  hills  and  the  lrawadi 
river.  The  beds  have  a  general  dip  to  the  eastward,  but  to  the  southward 
it  is  difficult,  if  not  impossible,  to  define  the  base  of  the  formation,  on  account 
of  the  apparent  passage  from  the  nummulitie  into  the  Negrais  rocks.  To 
the  northward,  west  of  Thayetmyo,  near  the  former  boundary  of  British 
territory,  the  section  is  better  defined.8  In  the  Blwa  (Lhowa)  stream, 

'  Memoirs,  X,  227,  {1873).  1  the  mimmuiitics.  The  information  necessi- 

8  The  bods  formerly  classed  as  triassic,  on  I  tatir.g  this  change  was  not'  received  in  time  to 
the  strength  of  a  mistaken  identification  of  a  be  incorporated  in'  the  text  or  in  the  geologi- 
fwssil  (supra,  p.  145)  must  be  included  with  |  cal  map.  ■  ‘  ’’ 
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sixteen  miles  west  by  south  of  Thayetmyo,  upwards  of  4,000  feet  of  hard 
sandstones,  mostly  grey,  and  of  blue,  grey,  or  yellow  shales,  are  exposed, 
but  throughout  all  this  thickness  of  beds  no  fossil  remains  have  been  de¬ 
tected,  except  a  few  carbonaceous  markings.  Apparently,  at  a  somewhat 
higher  horizon  on  the  Ma-tun  stream,  which  joins  the  Hhva  from  the 
north,  there  is  a  great  thickness  of  massive  blue  shales,  of  rather  a  dark 
indigo  blue  in  general,  but  sometimes  of  lighter  colour.  These  shales 
cannot  be  much  less  than  3,000  feet  in  thickness,  but  they  are  almost 
as  unfossiliferous  as  the  sandstones  and  shales  on  the  Hlwa,  the  only 
organic  remains  found  being  some  cycloid  fish  scales.  Above  these 
there  is  again  a  great  thickness  of  sandstones  and  shales,  mostly  un¬ 
fossiliferous,  but  containing  a  few  layers  with  nummulites,  and  at  the  top 
of  the  whole  group  is  a  band  of  nummulitic  limestone,  from  10  to  100  feet 
thick.  This  limestone,  however,  is  by  no  means  continuous.  Where  it 
occurs,  it  seems  to  be  the  uppermost  band  of  the  group,  but  it  frequently 
appears  to  thin  out,  and  in  fact  to  consist  of  irregular  lenticular  bands  in 
shale,  rather  than  of  an  unbroken  bed.  Denudation  may,  perhaps,  have 
removed  the  limestone  in  places  before  the  deposition  of  the  next  group. 
Other  bands  of  limestone  occur  at  a  lower  horizon,  but  they  are  more 
irregular  than  that  at  the  top  of  the  group. 

The  whole  thickness  of  the  formation  must  be  considerable — probably 
not  less  than  10,000  feet,  but  no  estimate  of  any  value  can  be  made, 
on  account  of  the  imperfect  manner  in  which  the  rocks  are  seen.  In 
northern  Pegu,  west  of  Thayetmyo,  the  breadth  of  the  eocene  outcrop 
from  east  to  west  is  seventeen  miles,  but,  a  few  miles  to  the  south, 
the  width  diminishes,  till,  west  of  Prome,  it  is  not  more  than  six.  The 
belt  again  expands  in  breadth  near  Akauktaung,  on  the  Irawadi  above 
Myanaung,  but  the  beds  are  very  poorly  exposed  in  general,  being  covered 
with  gravel  and  other  later  deposits.  Farther  to  the  southward,  west  of 
Myanaung  and  Henzada,  the  nummulitic  rocks  are  much  concealed  by 
posttertiary  gravels  and  "from  Henzada  to  Bassein  the  only  rocks  seen 
west  of  the  Irawadi  plain  are  the  altered  Negrais  beds.  The  nummulitic 
strata  re-appear  west  of  Bassein,  and  continue  thence  to  Cape  Negrais, 
but  still  the  rocks  are  much  concealed  by  gravel.  Throughout  the  area, 
however,  limestone  with  nummulites  occasionally  appears  amongst  the. 
higher  beds  of  the  group,  and  a  peculiar,  very  fine,  white  or  greenish, 
argillaceous  sandstone,  with  Foraminifera,  seen  at  Puriarn  point  east  of 
the  Bassein  river,  and  in  Long  island  of  that  river,  is  also  probably  one  of 
the  uppermost  eocene  beds.  This  rock,  known  as  Andagu-kyauk,  or 
image  stone,  is  employed  by  the  Burmese  for  carving  into  images  of 
Buddha,  and  is  quarried  to  some  extent  lor  that  purpose. 

It  is  possible  that  nummulitic  beds  may  crop  out  in  places  amongst  the 
miocene  rocks  of  the  Prome  district,  but  the  only  known  exposure  of  the 
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former  in  Pegu,  apart  from  the  belt  just  noticed  as  extending  along  the 
eastern  side  of  the  Arakan  Yoma,  is  in  a  small  ridge,  known  as  Thon* 
doung.  or  lime  lull,  about  five  miles  south  of  Thayetmyo,  This. ridge  con* 
sists  in  great  part  of  nummulitic  -limestone,  resting  upon  shales  and  - 
sandstones,  In  1855  a  promising  bed  of  coal,  4  feet  thick,  was  discover-  ; 
ed  in  the  latter,  but  it  proved  so  irregular  as  to  be  of  no  value,  the  coal 
thinning  out,  and  passing  into  a  clay  with  mere  laminae  and  patches  of 
coaly  matter,  in  the  course  of  a  few  feet.1  '  ■ 

To  the  west  of  the  Arakan  range,  limestone  with  nummnlites  has  been 
noticed  near  Keantali,  and  there  can  be  but  little  doubt  that  eocene  beds 
extend  along  the  coast  for  a  considerable  distance.  1  he  islands  of  ■ 
Rarnrf  and  Cheduba  consist  of  sandstones  and  shales  closely  resembling 
those  of  Arakan,  and  doubtless  belonging  to  the  same,  series.*  These 
beds  are  also  very  similar  to  the  nummulitic  rocks  of  Pegu.  ,  A  lew 
seams  of  coal  have  been  found,  resembling  in  character  the  nummulitic 
coal  of  Assam,  and  petroleum  is  obtained  in  several  places.  1  he  lime¬ 
stone  on  the  eastern  side  of  Ramri  island,  as  already  mentioned,  re¬ 
sembles  that  of  the  Arakan  coast  near  Ma-f  and  Taung-gup,  and  may,  there* ' 
fore,  be  cretaceous,  but  there  is  no  marked  character  by  which  the  rocks  , 
of  the  island  can  be  divided  into  two  series.  -  •  . 

Above  the  nummulitic  formation  of  Pegu  there  is  an  immense  'thick* . 
ness  of  soft  shales  and  sandstones,  often  fossiliferous,  but  almost  destitute 
of  any  horizon  distinguished  either  by  mineralogies!  characters  or  by 
organic  remains.  The  base  of  this  group  is  assumed  to  coincide  with  the 
band  of  nummulitic  limestone  already  mentioned,  but  there  is-  -no  '  clear  . 
evidence  that  this  bed  is  the  uppermost  rock  of  the  eocene  group,  and  no 
unconformity  lias  been  detected  between  the  nummulitic  rocks  and  the 
next  strata  in  ascending  order.  The  upper  limit  of  the  middle  tertiary 
rocks  of  Pegu  is  equally  ill  defined,  there  being  a  gradual  passage  from 
clays  and  sandstones  with  marine  fossils  into  the  gravels  and  sands  with  . 
siiicified  fossil  wood  and  mammalian  bones,  ■  • 

The  fact  is  that  without  a  thorough  knowledge  of  the  fossils  the  classi¬ 
fication  of  rocks  so  obscure  and  so  ill  seen  as  those  of  Pegu  is  a  simple  . 
impossibility,  and  until  the  tertiary  molluscs,  echinoderms,  and  corals  of 
southern  Asia  are  better  known,  it  is  hopeless  to  attempt  more  than  a. 
general  rough  arrangement  of  the  Burmese  tertiaries.  hi  the  absence  pt 
sufficient  fossil  data  for  the  proper  determination  of  different  beds,  all  that 
has  been  attempted  at  present  is  to  class  together  all  the  marine  beds  ot 
Pegu  above  the  nummulitic  limestone,  an-d  without  nummulites.  The 
group  thus  constituted  has  been  named  Use  Pegu  group  from  its  form¬ 
ing  the  greater  part  of  the  Pegu  Yoma  between  the  irawadi.and  Sittaung,  i 
1  T.  Oldham.  Sol.  Rzc.  Gavt.  India,  X.  99,  (1856)  ’  >  »  p.  R.  Mallet  -geiot.u',  XI,  on,  . 
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gradually  between  the  alluvia)  plains  of  the  two -rivers,  to  the  southward,  ; 
til!  it  terminates  in  a  long,  narrow  spur  at  Rangoon.  West  of  the.Ii'awim,  ' 
the  Pegu  group  extends  to  a  little  below  Promo,  and  some  hills  on  the 
opposite  side  of  the  river  below  Pronie  are  formed  of  the  same  beds.  It  ' 
is,  however,  not  quite  certain  that  no  older  rocks  appear  between  tlh- 
Jrawadi  and  Sittaung  for  a  species  of  l}$eudodt<uie»;a ,  a  genus  of"- 
echinoderms  with  cretaceous  affinities,  has  been  found  in  some  beds  in  east¬ 
ern  Prome  and  a  Terebratula  with  a  very  cretaceous  aspect  was  obtained 
near  the  town  of  Pegu,  In  the  former  case  the  beds  appear  to  b.e  high 
in  the  Pegu  group,  but  owing  to  the  great  extent  to  which  the  surface  ol 
the  country  is  concealed,  both  by  gravel  and  other  alluvial  deposits,  arid 
by  forest,  it  is  most  difficult  to  make  out  the  geology  satisfactorily,  so  that  ; 
lower  beds  may  have  been  brought  up  to  the  surface  by  faults  or  otherwise, 

In  the  case  near  Pegu  the  position  of  the  beds  is  uncertain. 

A  small  island,  known  as  Kau-rau-gyi  on  the  Arakan  coast,  is  com¬ 
posed  of  a  very  pale  brown  or  cream  coloured,  calcareous  sandstone 
or  earthy  limestone,  containing  echinoderms,  molluscs,  sharks'  .teeth, 
and  other  fossils.  The  same  rock  occurs  also  at  Nga-tha-mu  on  the 
mainland  opposite  Kau-ran-gyi  island,  but  has  not  been  1  detected  else¬ 
where.  The  most  abundant  amongst  the  fossils  are  a  species  of  Lobofhom  ■ 
(. Echinodiscus )  and  an  Echinolampas,  apparently  E.  jacquemonin,  one  - 
of  the  commonest  fossils  of  the  Gaj  group  in  Sind.  The  Echinodiscus  also 
closely  resembles  a  Gaj  species.  The  bed  is  somewhat  similar  to  the 
miliolite  of  K&tbiawar,  and  may  represent  a  portion  of  the  Pegu  group, 
but  it  is  more  probably  of  later  date.  One  of  the  sharks'  teeth,  however, 
closely  resembles  one  found  in  the  Pegu  group  south  of.  Thayetmyo.. 

The  highest  member  of  the  tertiary  series  in  Pegu  is  distinguished 
by  the  abundance  of  silicified  dicotyledonous  wood,  and  is  the  source 
whence  all  the  fragments  of  that  substance,  so  abundant  in  the  older  and 
newer  alluvial  gravels  of  the  lrawadi,  are  derived.  The  fossil-wood 
group  is  much  coarser  than  the  underlying  formations,  and  consists 
of  sands,  gravels,  and  a  few  beds  of  clay  or  shale,  all,  as  a  rule,  being  soft 
and  incoherent,  although  occasionally  hard  sandstone  'or  conglomerate 
bands  occur.  The  group  is  thus  subdivided  : —  ,  .  , 

a.  FesmI-iwod  sands. — Sand,  in  part  gravelly  and  conglomeratic;  characterised  by 
a  profusion  of  conncretions  of  iron  'peroxide, 
h.  Fine  silty  clay ,  with  a  few  small  pebbles,  .  , 

c.  Sands,  sltates,  and  a  -  few  conglomerate  beds,  with  a  Sidle  concretionary  iron' 
peroxide.  .  '  '  1 

The  lowest  beds,  which  pass  downwards  into  the  marine  bands'  .of  the 
Pegu  group,  contain  occasional  silicified  rolled  fragments  of  woo’d,  and  a 
few  mammalian  bones.  Some  sharks’  teeth  also  occur,  ..  "The  thickness  of. 
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very  similar.  Bol.li  contain  a  considerable  proportion  of  living-  gepera -nn-;  - 
known  in  tlie  middle  tertiaries  of  Europe,  together  With  some  older  forms,  - 
and  the  1  fa  wadi  fauna  may  be  regarded  as  approximately  of  the  same  age, 
as  the  upper  SiwAliks,  or  pliocene  if  the  views  as  to  the'  relations  of  the  . 
Siwdlilc  fauna  advocated  in  the  present  work  be  accepted.  Silicified  wood 
abounds  in  places  in  some  of  the  Siwdlik  beds  of  the  Punjab  and  in  the 
Manchhar  beds  of  Sind,  and  is  occasionally  found  in  the  sub-Htindlayah  . 
Siwdiiks  though  the  remains  of  trees  are  for  the  most  part  carbonised. 

Independently  of  the  fact  that  the  rocks  supplying  the  materials  ■ 
from  which  the  beds  have  been  derived  east  and  west  of  the  Bay  of  Bengal 
are  probably  very  distinct,  there  is  some  doubt  as  to  the  conditions  under 
which  the  Burmese  beds  were  deposited,  owing  to  the  frequent  occurrence 
of  sharks’  teeth,  and  it  has  been  suggested  that  the  fossil  wood  group  may 
have  been,  in  part  at  least  marine  or  estuarine.  The  silicified  wood  itself 
is  never  bored  by  xylophagous  mollusca  { Teredinidx  or  Pholadidx)  and 
as  not  only  all  wood  floating  on  the  sea,  but  all  found  anywhere. in  tidal 
creeks  in  India  at  the  present  day,  and  even  the  dead  trunks  and  branches 
of  trees  in  places  flooded  by  the  tide,  are  riddled  by  boring  molluscs,  it  is 
extremely  improbable  that  the  wood  found  in  the  Burmese  pliocene  beds 
can  have  been  immersed  for  any  length  of  time  in  salt  water,  whilst  the 
tree  stems  can  scarcely  have  been  silicified  before  being  imbedded,  as  they 
would  have  been  in  that  case  too  heavy  to  be  transported.  It  is  true  that 
the  beds  containing  sharks’  teeth  are  not  those  in  which  the  fossil  wood 
is  most  abundant,  but  still  some  fragments  of  wood  occur  with  the  teeth, 
and  mammalian  bones  are  common.  The  beds  generally  are  much,  too  , 
coarse  for  estuarine  deposits,  and  if  they  are  marine  it  is  difficult  to  under¬ 
stand  why  no  molluscs,  eebinoderms,  or  corals  occur.  On  the  whole,  it  is 
most  probable  that  the  fossil  wood  beds,  like  the  Siwdliks  and  Manchhars, 
are  fluviatile  or  subaerial,  deposited  by  streams  and  rainwash,  and  that 
the  sharks  inhabited  rivers,  as  some  species  do  at  the  present  day.  • 

The  fossil  wood  beds  in  Pegu  are  evidently  the  mere  remnants  of  a 
formation  which  once  occupied  a  far  more  extensive  area,  the  former  exist- 
ence  of  the  beds  being  shown  by  the  occurrence  in  abundance  of  fragments 
of  silicified  wood  far  beyond  the  present  limits  of  the  group.  Judging 
from  the  occurrence  of  the  larger  blocks  of  fossil  wood  alone,  and  neglecting 
the  small  fragments  in  the  alluvial  gravels,  the  beds  of  the  present  group 
formerly  extended  far  to  the  southward  of  their  present  limits,  probably 
along  the  whole  eastern  side  of  the  Arakan  Yoma,  and  almost  certainly  ‘ 
as  far  as  Rangoon  along  the  Pegu  range.  A  considerable  area  in  the 
Sittaung  valley,  north  of  Taung-ngu  (Tonghoo),  is  also  occupied  by  the 
fossil  wood  beds,  but  no  traces  of  the  former  existence  of  this  group  is . 
found  south  of  the  Kabaung  stream,  which  joins  the  Sittaung  from  the 
westward  a  little  below  Taung-ngu.  There  is  rather  more  clay  associated-  ■ 
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with  the  pliocene  beds  in  the  Sittaung  than  in  the  Irawadi  valley  whilst 
in  two  small  outlying  patches,  east  and  north  of  Taungngu,  the  group 
is  represented  by  a  form  of  Iaterite  containing  numerous  pebbles. 

In  Upper  Burma  the  same  beds  are  very  extensively  developed.  They 
occupy  large  areas  both  east  and  west  of  the  Irawadi,  and  between  the 
Irawadi  and  the  Chindwin  above  their  confluence,  as  well  as  west  of  the 
latter  river.  The  details  of  their  stratigraphy  and  distribution  have 
not  y'et  been  worked  out,  and  there  is  no  published  information  suffi¬ 
ciently  detailed  or  connected  to  be  incorporated  in  this  work.  The 
petroleum  of  Upper  Burma  is  derived  from  beds  which  appear  to  lie  at 
the  base  of  the  fossil  w  ood  group,  or  the  upper  limit  of  the  Pegu  group. 

North  of  where  the  Irawadi  crosses  from  the  eastern  to  the  western 
side  of  the  depression  between  the  hills  of  western  China  and  the  Shan 
states  on  the  one  hand,  and  of  Manipur  and  the  Arakan  Yoma  on  the 
other,  there  are  a  number  of  intrusions  and  volcanic  outbursts  in  the  ter¬ 
tiary  beds  where  exact  age  has  not  been  determined,  but  appears  to  range 
from  upper  tertiary  to  pleistocene. 


Although  nothing  definite  is  known  as  to  the  age  of  the  beds 
associated  with  coal  in  Tenasserim,  except  that  they  are  in  all  probability 
tertiary,  there  is  more  likelihood  that  they  beloDg  to  the  newer  tertiaries 
than  to  the  older.  They  consist  of  conglomerates,  sandstones,  soft  shales, 
and  beds  of  coal.  The  conglomerates  are  never  coarse,-  the  pebbles  seldom 
exceeding  a  few  inches  in  diameter;  the  sandstones  are  fine,  gritty,  and 
pebbly,  clean  white  quartzose  sands,  or  earthy  and  of  a  yellowish  tint ;  and 
the  shale  beds  are  of  a  bluish  green  or  blackish  tint,  very  regularly  disposed 
in  thin  laminae.  The  coal  is  also  in  thin  laminae,  with  earthy  bands. 

These  coal  bearing  deposits,  whose  total  thickness  nowhere  exceeds 
900  to  1,000  feet,  are  never  traceable  continuously  over  any  extended 
area.  They  ate  found  occupying  isolated  and  detached  basins  in  the 
great  north  and  south  valley  of  the  Tenasserim  river,  between  the  main 
dividing  range  separating  British  Burma  from  Siam  to  the  eastward, 
and  the  outer  ridges  near  the  sea  coast  to  the  westward.  The  small 
tracts  of  tertiary  rocks  are  in  all  probability  of  fresh  water  origin,  and 
have  much  the  appearance  of  having  been  deposited  in  the  small  basins 
they  now  occupy.  The  only  organic  remains  found  are  dicotyledonous 
leaves  and  scales  and  bones  of  fish.1 


In  the  Andaman  and  Nicobar  islands  the  upper  tertiaries  are  repre¬ 
sented  by  soft  limestones  formed  of  coral  and  shell  sand,  soft  calcareous 
•  T,  Oldham,  Set.  Rec.  Gavl.  India,  X,  34,  (1856). 
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sandstones  and  white  clays  with  some  bands  containing  pebbW  of  coral.*.. 
They  form  the  whole  of  the  archipelago  east  of  the  great  Andaman,  whence ' 
they  hare  been  called  the  Archipelago  series  ;  they  are  also  developed  in  the  ' 
great  Andaman,  more  especially  in  the  northern  islands  and  on  the  west 
coast,  as  well  as  in  the  Nicobar  islands.  The  Only  fossils  that  have  been 
found  are  Polycysiinx,  which  were  described  by  Ebrenberg  from  the  clays 
of  Nancowry  harbour.2 

No  contact  section  has  yet  been  observed,  showing  their  relations 
to  the  rocks,  sandstones  and  shales,  which  are  regarded  as  the,  equiva¬ 
lents  of  the  Negrais  rocks  of  the  Arakan  Yoma,but  the  generally  newer 
appearance  of  the  rocks,  their  less  disturbed  condition,  and  the  fact  that 
pebbles  of  serpentine  have  been  found  in  beds  which  there  seems  good 
reason  for  referring  to  this  series,  leaves  little  room  for  doubt  that  they 
are  newer,  and  not,  as  has  been  suggested,  merely  a  '  lithological  variety 
indicating  different  conditions  of  deposition.  ' 

»  For  details,  see  H.  RinTc,  Die  Nifcobaris-  Bail,  Jour,  As,  Sot.  Bong.,  XXXiX,  pf.  s, 
chen  Inseln.,  Copenhagen,  1847,  and  Set  Bee.  2$,  231,  (1870};  R.  D.  Oldham,"  Beards, 
Govt.  India,  LXXVXI,  109-154,  (l87o);F.von  XVIII,  133,  <1885).  '  ’  . 

Hochstetter,  Reise  der  Novara,  II,  83—112,  5  Abhandi.  K.  Ah  ad.  Win,  Reriiii,  1875,  p., 

1.864),  and  Kscotds,  II,  59-73,  (1859)}  V.  116.  • 
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TERTI ARIES  OF  THE  HIMALAYAS. 

{Including  the  N.-W.  Ptmjab.) 

Tertiaries  of  the  centra!  Himalayas— Tertiaries  of  the  outer  Himalayas — Sirmur  series  —  Sitvilife 
series— Homotaxis  of  the  Siwaliks— Relations  of  Siwalik  and  recent  faunas. 

The  description  of  the  tertiary  deposits  of  the  Himalayan  range  was 
excluded  from  the  last  chapter,  as  their  bearing  on  the  question  of  the  age 
of  the  Himalayas  as  a  mountain  chain,  and  certain  peculiarities  which  they 
exhibit,  resulting  from  their  mode,  of  origin,  render  it  more  convenient 
to  consider  them  separately.  They  are  exposed  in  two  distinct  areas,  and 
may  be  distinguished,  according  to  their  geographical  position,  as  the  ter¬ 
tiaries  of  the  central,  and  of  the  outer  Himalayas.  The  latter  of  these 
are  much  the  most  important,  whether  on  account  of  the  superficial  area 
they  cover,  or  the  interest  of  the  sections  they  exhibit,  but  it  will  be  most 
convenient  to  take  up  the  description  of  the  central  Himalayan  tertiaries 
first  and  then  pass  on  to  the  tertiaries  of  the  outer  or  southern  edge  of  the 
range. 

The  existence  of  tertiary  rocks  in  the  central  Himalayas  has  long  been 
known,  but  even  now  the  only  information  available  is  derived  from  ob¬ 
servations  made  on  rapid  journeys  through  an  elevated  and  inhospitable 
region,  where  the  rarefaction  of  the  atmosphere  offers  a  serious  impedi¬ 
ment  to  physical  exertion. 

The  best  known  area  is  that  of  the  upper  Indus  valley,  where  the 
tertiaries  extend,  for  a  distance  of  two  hundred  miles,  in  a  south-easterly 
direction  from  Kargil  in  Kashmir  territory.  Along  the  whole  of  the  north¬ 
eastern  boundary,  from  Kargil  to  beyond  Leh,  if  not  to  the  extreme  limit 
of  Kashmir  territory,  they  rest  in  unconformable  contact  with  the  metamor- 
phic  rocks.  Between  Khalsi  and  Leh  the  lowest  beds  consist  of  coarse 
grained,  sharp,  felspathic  sandstones,  containing  a  large  proportion  of 
grains  of  undecomposed  felspar,  and  including  numerous  large  boulders  of 
syenite  and  angular  blocks  of  an  intensely  hard  hornstone  porphyry,  whose 
original  source  is  unknown.  These  beds  have  been  looked  upon,  with 
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some  degree  of  reason,  as  probably  of  glacial  Origin."  They  Occur  at  the 
base  of  the  nummnlities  and  no  break  or  unconformity  has  been  detected 
they  are  however  overlaid  by  black  carbonaceous  shaly  beds  very  like 
these  of  the  carboniferous  of  Kashmir,  and  as  no  similar  rock  has  been  de¬ 
tected  in  the  western  portion  of  the  outcrop,  where  the  original  contact 
with  the  pretertiary  rocks  is  exhibited,  it  is  possible  that  the" glacial  beds 
belong  to  the  carboniferous  period,  and  that  there  is  an  .undetected  break 
be i ween  them  and  the  overlying  unmistakeabie  nommulitics.  •*"- 

The  conglomeratic  beds  are  succeeded  by  orange  and  brown  sand¬ 
stones,  often  calcareous,  which  form  the  lowest  member- of  the- series 
farther  to  the  north-west.  Melania,  and  a  bivalve  shell,  which  is  probably 
a  Un/a,  though  it  has  been  referred  to  Pholadomya  or  Panoposa,  have  been ' 
found  in  the  neighbourhood  of  K argil,  marking  the  beds  as  fresh  water 
or  estuarine  in  origin.  -  ■ 

The  sandstones  are  succeeded  by  green  and  purple  or  dark  red  shales, 
and  these  are  overlaid,  between  Khalsi  and  Nuria,  by  a  thick  band  of 
coarse, blue,  shelly  limestone  containing  numerous  discs,  which  are  probably 
ill  preserved  nummulites.  Above  this  comes  a  coarse  limestone  conglome¬ 
rate  containing  pebbles  of  the  same  limestone  succeeded  by  shales  and 
slates,  generally  of  a  grey  colour. 

In  the.  sections  eastwards  of  Leh  conglomerates  ‘are  said  to  occur  near 
the  upper  limit  of  the  series,  and  these  conglomerates  contain  pebbles  of 
the  volcanic  beds,  which  will  presently  be  described,  and  of  nuimnulitic . 
limestone.  The  occurrence  of  these  last  shows  that  the  beds  had  locally 
been  elevated  and  exposed  to  denudation,  while  elsewhere  the  process  of 
deposition  had  gone  on  continuously.  '  '  ‘ 

In  the  central  portion  of  the  exposure  the  sedimentary  beds  are,  in 
direct  contact  with  the  older  rocks  along  their  south-western  margin,  but 
at  either  extremity  they  are  separated  by  a  great  series  of  volcanic  rock's 
of  a  very  basic  type.  There  can  be  no  doubt  that  these  rocks,  which  form 
the  upper  limit  of  the  tertiary  system  of  this  region,  are  in  the  main  coni 
iamporaneous  eruptive  products,  as  they  include,  beds  of  volcanic  ash  and. 
agglomerate, 8  but  there  are  also  numerous  intrusive  masses  associated  with 
the  bedded  traps.  Basic  trappean  intrusions  are  also  found  in  the  preter¬ 
tiary  rocks  south-west  of  the  boundary,  which  are  evidently  connected  with 
these  same  eruptive  rocks.  These  intrusions  are  interesting  as,  at  Pugha' 
and  in  the  Markha  valley  south  of  Leh,  they  are  composed  of  peridotite, 
until  lately  the  only  recorded  instances  of  ultrabasic  rocks  having  Been 
found  in  India.®  ’  ■ 

Ou  the  north-eastern  and  north-western  boundaries ,  the  tertiaries  rest 

5  R.  Lydekker,  Memoirs,  XXII,  104,  (1883) ;  1  (i885)  ;  R.  D.  Oldham.  Reeouh,'  X  XI,  154, 
R.D.  Oldham,  Records,  XX!,  J55,  (1889).  (1888).  .  . 

5  C.  A.  McMahon  ,  .Records,  XIX,  118,  |  8  C,  A.  McMahon,  Retards,  XIX,  115,  (i885). 


the  nummulitics  of  the  Punjab  were  deposited.  No  outliers  of  tertiary 
beds  are  known  in  the  country  intervening  between  the  two  principal 
exposures,  bat  this  country  has  not  been  examined  in  any  detail,  and 
has  undergone  such  extensive  denudation  that,  even  if  the  nummulitics 
once  extended  over  It,  they  may  well  have  been  completely  removed 
or  only  represented  by  small  patches,  folded  up  with  the  older  rocks, 
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known  whether  these  are  bedded- or  intrusive.  If  the  former,  they  are  a  true 
outlier  of  Hie  Indus  valley  eocene  volcanics if  the  latter  they  sire  doubt-  . 
less  nn  old  volcanic  core,  and  indicate  a  former -extension  of  the  volcanic 
beds  beyond  their  present  limits.  Some  small  patches  of  sandstone  and 
conglomerate,  which  have  been  regarded  as  tertiary,1  are  also  found  in  the 
Chang-chctig-mo  valley  and  near  Drds,  associated  in  the  latter,  locality . 
with  basic  traps.  The  information  regarding  them  is  scanty,  and -they  do 
not  need  detailed  notice  here,  .  ■ 

Furtber  to  the  east,  in  H undes,  the  tertiaries  are  described  by  Mr. 
Griesbach  2  as  composed  of  highly  altered  rocks,  schists,  phy  Hites  and 
crystalline  limestones,  in  which  some  distorted  sections  of  Nunimulites 
were  observed  associated  with  intrusive  diorite.  Above  these  rocks  come 
pepper  and  salt  grey  sandstones,  very  like  some  of  the  lower  Siwdlik 
sandstones,  whose  relation  to  the  nnmmuliferous  beds  was  not  observed,, 
but  is  said  to  be  probably  one  of  unconformity'.’  Both  these  are  highly 
disturbed,  dipping  to  the  north-east,  and  are  unconformably  covered  by 
the  horizontal  deposits  of  the  H  undes  plain,  once  regarded  as  upper 
tertiary,  but  now  shown  to  be  of  pleistocene  age.  "  ■  , 

The  only  igneous  rocks  in  this  section  appear  to  be  intrusive  d  Sorites,  ’ 
but  a  large  development  of  basic  traps  was  observed  by  Gen,  JJ,  Straohey 
further  to  the  north,  in  the  neighbourhood  of  the  great  lakes  6f  Tibet, 
which  probably'  represents  the  volcanics  of  the  Indus  valley  tertiaries.  -  ; 

Nothing  is  known  of  the  geology  of  the  whole  northern  face  of  the  Hima¬ 
layas  east  of  the  Hundes  plain  except  for  one  spot  north  of  Sikkim,  In 
the  neighbourhood  of  the  Cholamo  lakes  Sir  J.  Hooker  -observed-  con¬ 
glomerates,  slates  and  earthly  red  plays,  and  a  compact  blue  limestone  “  full , 
of  encrinitic  fossils  and  probably  nummulites"  which  may  be  a  eon-  ■ 
tinuation  of  the  central  Himalayan  tertiaries.® 


The  tertiaries  of  the  outer  Himalayas  are  found  In  a  narrorv  zone  of 
upper  tertiary'  rocks,  extending  the  whole  length  of  the  Hflmdlayas,  and 
continuous  at  the  surface,  so  far  as  is  known,  except  for  a  stretch  of  about  ■ 
fifty  miles  at  the  foot  of  the  Bhutan  hills,  where  they  are  covered  by  a  great  ■ 
accumulation  of  recent  deposits.  -West  of  the  Ganges'  the  tertiary  area 
begins  to  widen  out,  and  lower  beds  come  in,  till  in  the  extreme  north-west, 
bey'ond  the  Jehlam,  there  is  a  very  complete  representation  of  the  tertiary, 
sequence.  It  is  only  that  portion  of  the  tertiary  area  which  lies  beyond  . 

1  F.  Stoiiczkn,  Records,  VII, 15,  (1,874) ;  R.  Ly-j  1  Himalayan  Journals,  London,  1835,4.1,  rj6;-  - 
dfkker.  Memoirs,  XXII,  113,  ,15,  (,883),  177.'  ‘  '  .  " '  ’  ’ 

*  Memoirs,  XXIII,  83,  (1891).  ’  l  .  . 
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the  western  frontier  of  Nepil  that  has  been  examined  in  any  detail,  and 
here  the  best  known  areas  are  the  hills  below  Kumiun  and  Garhwal,  the 
section  south  of  Simla,  and  the  area  beyond  the  Jehlam  river.  The  classi¬ 
fications  of  the  rocks  that  were  adopted  by  the  surveyors  of  the  north¬ 
western  area  and  of  that  south  of  Simla  differ  from  each  other,  but  the 
intermediate  country  has  since  been  examined  sufficiently  to  show  the 
probable  equivalence  of  the  rock  groups  as  indicated  in  the  following 
table 


North-West  Area. 

Upper  Siwalik  .  .  Upper  Tertiary 

Lower  (red  and  grey)  Siwdlik  l  Siwalik  series 


Murree  beds  . 
Upper  Nummulitic  . 
Lower  Nummulitic. 


Simla  Area. 

Upper  Siwdlik. 

Middle  Siwalik. 

Lower  {Nahan)  Siwalik. 
Kasauli  group. 

Dagshai  group. 
Subathu  group. 


According  to  the  order  of  description  adopted  in  this  work  the  lower 
nummulitic  strata  of  the  hills  beyond  the  Jehlam,  which  do  not,  strictly 
speaking,  form  part  of  the  Himalayas,  would  stand  first  for  description, 
but  as  the  reasons  for  considering  them  older  than  the  Subdthu  group  can 
only  be  understood  after  the  description  of  the  Sirmur  series,  the  strict 
chronological  order  will  not  be  adhered  to,  and  the  description  of  these 
beds  will  be  left  till  after  that  of  the  series  which  overlies  them.  It  will 
be  best  to  begin  with  the  area  which,  from  priority  of  description,  must 
remain  the  standard  to  which  the  sections  of  other  districts  must  be 
referred. 


In  the  hills  near  Simla,  the  marine  nummulitics,  with  the  upper  groups 
of  the  lower  tertiaries,  appear  from  below  more  recent  deposits  a  short  wav- 
west  of  the  Sutlej  river,  and  rising  into  the  high  ground  of  what  are  known 
as  the  lower  Himalayas,  extend  for  some  80  miles  till  they  disappear  12 
miles  east  of  Nahan,  re-appearing  as  outliers  east  of  the  Ganges. 
Throughout  part  of  this  region  the  Sirmur  series,  as  it  has  been  named,1  is 
separated  from  the  upper  portion  of  the  tertiary  system  by  a  narrow 
strip  of  pretertiary  rocks,  and  by  the  great  dislocation,  or  main  boundary, 
which  forms  one  of  the  leading  features  in  Himdlayan  geology.  The 
rocks  are  everywhere  highly  disturbed,  and  structurally  belong  rather  to 
the  Himdlayan  area  proper  than  to  the  tertiary  area  of  the  sub-Himdlayas, 
but  at  the  north-western  extremity  of  the  exposure  they  run  down  into  the 
sub-Himdlayas,  and  the  marine  group  becomes  covered  by  moie  recent 
deposits  in  a  manner  that  has  not  been  worked  out  in  detail. 

1  Manual,  1st  ed.,  p.  524-  The  series  was  1  description  in  the  text  is  partly  based  on 
first  described  as  the  Subdthu  group  (Memoirs,  M  r.  Medlicott’s  descriptions  (l of.  t mid 
III.pt.  i i,  p.  74),  a  name  which  was  subse-  partly  on  subsequent  unpublished  observations 
quent'y  restricted  to  its  lowest  member.  The  '  by  the  present  writer. 
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'Use  lnwchl  of  the  three  groups,  into  whi-.-h  the  Sirmtir  series  has 
been  divided,  is  named  after  the  military  .station  of  SuMthu,  near  which 
it  is  well  exposed.  !l  consists  principally  ol  greenish  grey  and  red  gypseous 
shales,  with  some  subordinate  lenticular  bands  of  impure  limestone  and 
sandstone,  the  latter  principally  found  near  the  top  of  the  group.  '  The 
beds  arc  everywhere  highly  disturbed,  and  the  boundary  with  the  preter-tiary 
slates  and  limestones  is  almost  always  faulted,  but  wherever  an  original  eon-  , 
tact  section  is  found,  in  the  Jammu  hills,  at  Subdthu,  at  the  termination  of  the 
main  Sirmur  area  east  of  Ndhan,  and  again  in  the  outliers  easl  of  the  Ganges, 
there  is  always  a  parallelism  of  stratification  between  the  beds  below  and 
above  the  junction,  and  the  bottom  bed  of  the  Subdthu  group  is' a  peculiar 
ferruginous  rock,  containing  pisolitic  grains  ol  iron  oxide  and  closely  re¬ 
sembling  the  laterite  of  the  Peninsula,  whose  occurrence  at  this  horizon 
in  the  extra-peninsular  area  is  interesting  in  connection  with  the  occur¬ 
rence  of  laterite  in  the  nummulites  of  Sind,  Jaisalmc-r,  Cutch  and  Suratt 
This  rock  is  very  well  seen  at  Subdthu  itself,  where  it  was  first  observed 
arid  described,  and  in  the  shah'  beds  immediately  overlying  it  there  is  a 
seam  of  impure  coal.  The  coal  is  too  impure  and  too  crushed  to  be  of  any 
economic  value,  but  its  occurrence  is  of  interest,  as  will  appear  its  the 
sequel.  '  • 

The  SuMthu  group  is  overlaid,  with  perfect  conformity,  by  a  great 
thickness  of  hard  grey  sandstones,  interbedded  with  bright  red  nodular 
clays,  known  as  the  Dagshdi  group.  The  transition  from  the,  Subdthu  to  ' 
the  Dagshdi  group,  though  perfectly  conformable,  is  somewhat  abrupt,  and 
marked  by  the  presence  of  a  group  of  passage  beds,  comprising  a  pecu¬ 
liar  pisolitic  marl  with  small  calcareous  concretions  scattered  through 
a  matrix  of  red  clay,  a  white  sandstone  full  of  irregular  shaped  highly 
ferruginous  concretions  of  some  inches  in  diameter,  and  pure  white  sand¬ 
stones  associated  with  dark  purple  or  liver  coloured  shales,  differing 
markedly  in  appearance  from  the  general'  run  of  those  above  or.be lovy 
them.  . 

The  beds  of  the  Dagshdi  group  proper  consist  almost  exclusively,  of 
two  distinct  types  of  rock.  One  is  a  bright  red  or  purple,  homogeneous 
clay,  weathering  into  small  rounded  nodular  lumps ;  the  other  a  fine  grained 
hard  sandstone  of  grey  or  purplish  colour.  The  clays  prevail  iii  the  lower 
part  of  the  group  and  the  sandstones,  in  beds  of  10  to  50  feet  thick,  form 
but  a  small  proportion  of  the  total  thickness,  but  in  the  upper  portion  of 
the  group  they  increase,  at  the  expense  of  the  clay  beds,  till  at, the  top 
there  is  about  200  or  300  feet  of  sandstones,  with  a  few  thin  bands  of  red 
clay,  which  it  is  impossible  to  class  definitely  either  with  this  group  or  the 
succeeding  one.  .  ,  - 

As  will  have  appeared  from  the  preceding  paragraph,  the  passage  from 
the  Dagshdi  to  the  Kasauli  group  is  perfectly  transitional,  indeed  the 


subAthu  group. 
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distinction  of  the  two  merely  depends  on  the  absence  of  the  bright  red  no. 
dular  clays  of  the  Dagshdi  group.  The  Kasauli  group  is  essentially  a 
sandstone  formation  in  which  the  argillaceous  beds  are  quite  subordinate 
tn '  amount.  The  sandstones  are  mostly  of  grey  or  greenish  colour,  and 
though  some  of  the  beds  are  as  hard  as  anything  in  the  Dagshdi  group, 
they  are,  as  a  rule,  softer,  coarser,  more  micaceous,  and  at  times  distinctly 
felspathic.  '1  he  clay  bands  are  gritty,  micaceous,  and  but  seldom  shaly  ; 
in  thedqwer  part  of  the  group  they  often  have  a  remarkably  trappoid  ap¬ 
pearance,  owing  to  their  dull  green  colour  and  mode  of  weathering,  first 
into  rounded  masses  and  afterwaids  into  small  angular  fragments. 

At  the  upper  limit  of  the  Kasauli  group  some  reddish  clay  bands  are 
seen  on  the  cart  road  to  Simla.  These  clay  bands  are  softer  and  paler  than 
those  of  the  Dagshdi  group,  and  resemble  the  clays  of  the  lower  portion 
of  the  upper  tertiaries  near  Kdlka.  This,  the  only  trace  of  a  connection 
between  the  Sirmur  series  and  the  upper  tertiaries  of  this  region,  will  be 
referred  to  further  on. 

The  Subdthu  group  is  most  palpably  of  marine  origin  and  of  nummu- 
litic  age,  as  is  shown  by  the  numerous  fossils  it  contains.  The  Dagshdi 
group  has  yielded  no  fossils,  except  some  fucoid  markings  and  annelid 
tracks,  which  are  of  no  use  for  determining  either  the  age  or  mode  of  origin 
of  the  beds,  but  the  great  contrast  of  lithological  character  suggests  a  cor¬ 
responding  change  of  conditions  of  formation,  and  it  is  probable  that  they 
were  deposited  either  in  lagoons  or  salt  water  lakes.cut  off  from  the  sea,  or 
were  of  subaerial  origin.  The  Kasauli  group  has  so  far. yielded  no  fossils 
but  plant  remains,  and  this,  taken  in  conjunction  with  its  general  similarity 
to  the  upper  tertiary  deposits,  renders  it  probable  that  it  is  composed  of 
fresh  water,  if  not  subaerial  deposits. 

A  short  distance  west  of  the  Sutlej  river  the  Subdthu  group  become 
covered  up  by  the  newer  beds,  and  is  not  again  seen  till  the  Jammu 
hills  are  reached.  Here  there  are  some  inliers  of  marine  nummulitics,  but 
the  most  interesting  exposures  are  those  in  which  they  rest  on  the  pre- 
tertiary  limestones  of  Ridsi'and  the  Punch  valley.1  In  these  the  Subathu 
beds  rest,  \yith  perfect  parallelism  of  stratification  and  every  appearance  cf 
conformity,  on  the  older  rocks,  and  at  their  base  is  found  the  same  peculiar 
pisolitic  ferruginous  bed  as  is  seen  at  Subdthu.  Separated  from  this  by 
about  70  feet  of  shales,  there  is  a  coal  seam  of  2  to  5  feet  thick,  over¬ 
laid  by  some  350  feet  of  shales,  with  a  couple  of  thin  bands  of  nummulitic 
limestone,®  the  group  being  conformably  overlaid  by  the  sandstones  and 
red  clays  similar  to  those  of  the  Dagshdi  group. 

On  the  Ridsi  inlier  the  pisolitic  bottom  bed  of  the  nummulitics  is 

1  H.  B.  Medlicott,  Kecords,  IX,  5.1.  (1876) ;  I  a  T.  D.  La  Touche,  Rccotds,  XXI,  62,  (iSJS). 
R,  Lydekker,  Memoirs,  XXII,  90,  (18S3J.  I 
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underlaid  cvi-ry"  lu.  re  by  a  i-filidom;  breed;  j  (if  variable;  thickness,  Tf>mpo*te<f 
<ii  perfectly  angular  sifidous  fragment*,  cemented  in  places ‘Uy  cellular 
limimit.-  The  true  ago  or  nature  of  this  rock  is  uncertain;  -Mr.  ftfedti- 
,-ot*.  though!  it  w:t«  a  shaticrncl  condition  of  a  sandstone  band  which  dltori 
occurs  at  the  top  of  f.ha  protorHary  liwestohfc  series,  and  in  any  case  the 
angular  nature  of  the  fragments  forbids  tlm  supposition  that  thdy  liave  . 
been  transported  for  any  great  distance. 


So  fa:  then;  has  been  no  difficulty  in  recognising  lint  equivalent  of-  the  •  ■ 
SuMlhu  group,  but  in  the  sections  west  of  the  Jehi.un  there  is  a  very  great 
thickness  of  marine  auinmulitics,  which  doubtless  in  part  represent  the  ■ 
Subatliu  group,  but  probably  cover  a  larger  period  of  tune,  .  ■ 

In  the  Salt  range  the  principal  member  of  the  marine  mi m nudities 
is  a  band  of  fine,  compact,  grey  or  white,  limestone,  freq rjently  olterty,  of 
some  400  or  500  feet  in  thick u css,  which  is  micojdorm.thjy  overlaid  bv  . 
upper  tertiary  beds.  Below  the  limestone  shore  is  from  go  to  1 00  fort  of  - 
soft  variegated  shales  or,  clays,  with  one  or  more  coal  seams.-  The  clays 
are  pyritous  and  decompose  readily  on  exposure,  the  decomposed  shales  ■ 
being  burnt  and  employed  in  the  manufacture  of  alum.  These  shafv  beds 
contain  n  number  of  fossils,  but  the  collections  have  not  yet  been  examined 
in  detail.  Oirdita  bcaumonti  is,  however,  known  to  occur,  and  marks  the 
age  of  the  beds  as  lower  eocene  at  latest.  ,  .  . 

North  of  the  Salt  range,  in  the  hills  of  the  Hazira  district,1  the  oldest 
member  of  the  tertiary  system  is  a  great  thickness  of  dark  bluish  grey, 
or  blackish,  limestone,  with  brownish  olive  shales.  The  rock  is  generally 
foetid  and  massive,  sometimes  distinctly,  and  sometimes  obscurely,  strati¬ 
fied.  The  distribution  of  this  hill  type  of  nummulitic  limestone,  as  it  has  " 
been  called,  is  peculiar.  It  forms  a  broad  belt  throughout  the  Hazdra-  . 
and  Mu  free  hills,  from  the  neighbourhood  of  AbbottdbdJ  past  Murree,  and  , 
along  the  spurs  traversed  by  the  Grand  Trunk  Road  north-west  of  Rawal¬ 
pindi.  The  same  rock  forms  the  greater  part  of  the  Chittapahdr  range, 
and  is  continued  west  of  the  Indus  in  the  Afridf  hills,  which  are  principally 
composed  of  this  formation.  .  • 

The  tract  so  defined  lies  immediately  to  the  north  of  a  great  line  of 
disturbance,  accompanied  by  much  faulting  and  displacement  of  the  strata, 
which  runs  westwards  from  the  neighbourhood  of  Murree.  .Though  less 
sharply  defined,  this  zone  of  disturbance  corresponds  to  the  great  faulted 
boundary  which  separates  the  pretertiary  rocks  of  the  Himalayas  from  the 
tertiary  formations  of  the  sub-Himalayas,  and  is  in  the  main  a  line,  of  .-sepa¬ 
ration  between  the  pretertiary  deposits  and  the  hill-,  type  of  nummulitic-. 

’  T)>o  account  »i  the  tertiary  beds  of  the  I  in  Accords,  X,  107,  (r8~p);  Xli,  114,  ZoS, 
North-West  Punjab  is  derived  irons  Mr,  A.  B.  (i-88t).  '  '  '  '  '  ' 
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limestone  on  the  one  hand,  and  the  newer  tertiaries  on  the  other.  The  de¬ 
marcation  is  not  absolute,  for  outliers  of  the  newer  beds  are  found  to  the 
north,  and  inliers  of  the  hill  nummulitic  limestone  to  the  south  of  the  line. 

The  most  important  of  these  inliers  is  that  of  the  Khaire  Murut  ridge, 
south-west  of  Rawalpindi.  Here,  as  in  the  hills  north  and  west  of  Murree, 
the  hill  nummulitic  limestone  is  overlaid  by  an  upper  nummulitic  group, 
composed  of  grey,  red,  and  deep  purple  clays  or  shales,  associated  with 
masses  jpf  gypsum,  and  alternating  with  thin  bands  of  limestone.  The  com¬ 
position  of  the  group  varies  ;  sometimes  the  limestones  and  at  others  shales 
are  most  developed  in  the  low  er  part,  and  at  times  there  are  but  few  cal¬ 
careous  beds.  Strong  zones  of  yellowish  grey  sandstones  are  found  in  the 
western  localities,  while  eastwards  hard  grey  sandstones  and  purple  clays, 
resembling  those  of  the  overlying  group,  are  said  to  be  included.  Except 
in  the  sandstones,  which  are  unfossiliferous  but  for  a  few'  fucoid  mark¬ 
ings,  marine  fossils  are  abundant,  among  which  Nummulites ,  Oporculina, 
etc.,  are  common.  None  of  the  fossils  have  been  critically  examined,  but 
the  age  of  the  beds  is  evidently  eocene,  and  probably  upper  eocene. 

There  is  still  some  doubt  as  to  the  equivalence  of  the  marine  nummu- 
litics  west  of  the  Jehlam  with  those  to  the  east,  that  is  to  say,  it  is  uncertain 
whether  the  thicker  series  to  the  west  merely  represents  the  same  period 
of  time  as  the  thinner  series  to  the  east,  or  a  more  extended  one.  Although 
the  fossils  of  the  Jammu  inliers  have  not  been  examined,  the  presence  of  the 
ferruginous  bottom  bed  and  associated  coal  seam,  together  with  the  general 
similarity  of  the  type  of  deposit  and  relations  to  the  Dagshai  beds  above, 
leave  little  room  for  doubt  that  the  Jammu  nummulilics  are  the  equivalent 
of  the  typical  Subdthu  group, 

It  would  be  natural  also  to  regard  the  shaly  marine  beds,  immediately 
underlying  the  sandstones  and  red  clays  of  Dagshai  type  west  of  the  Jeh¬ 
lam,  as  of  contemporaneous  origin  with  the  typical  Subdthus,  but  as  the 
distinction  between  the  two  groups  is  merely  due  to  the  cessation  of  marine 
conditions  of  deposit,  there  is  an  uncertainty  as  to  whether  the  change  took 
simultaneously  on  all  the  sections,  and  it  is  possible  that  the  upper  portion 
of  the  nummulitics  west  of  the  Jehlam  were  formed  contemporaneously  with 
part  of  the  typical  Dagshii  group,  while  the  hill  type  of  nummulitic  lime¬ 
stone  may  be  merely  a  deep  water  formation  of  the  same  age  as  the  typical 
Subithus. 

In  this  connection  the  Salt  range  section  is  of  some  importance.  The 
presence  of  coal  seams  in  the  shaly  beds  at  the  base  of  the  tertiary  rocks 
naturally  suggests  their  equivalence  to  the  Subithu  group,  and  it  is  even 
stated  that  the  pisolitic  lateritic  bottom  bed  of  the  Subdthus  is  found  in  the 
Salt  range.  There  is,  however,  some  doubt  as  to  this  last.  It  is  not  pos¬ 
sible  to  recognise  this  bed  with  certainty  in  Mr.  Wynne’s  description,  and 
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it  is  not  evident  whether  the  only  specific  ^talcment  of  identity  is  based  chi  : 
actual  observation/' 

The  mere,  presence  of  coal  seams  is  no  proof  of  contemporaneity,  and . 
what  palaeontological  evidence  is  available  points  to; an  older  age  for  the. 
Salt  range  minimalities  than  that  of  the  Sub&thu  group.'  The  presence,  of 
Cardita  heaumonti ,  a  species  characteristic  of  the  passage  beds  between 
the  cretaceous  and  nummulitic  in  Sind,  in  the  shales  below  the  mam  lime* 
stone  of  the  Salt  range,  shows  that  they  cannot  well  be  later  thars^oldest " 
eocene  in  age.  Of  the  46  species  described,  by-  Messrs.  D’Arcbiacand 
Haime  from  the  nummulitics  of  the  Salt  range,  13  are  found  in  the 
Rdnfkot,  group  of  Sind,  14  in  the  Kirthar,  of  which  6  are  also  found  in  the 
Ranfkot,  while  3  are  found  in  Gdj  and  Nari  beds.  From  the  Subdthu  bed 
49  species  were  described,  of  which  not  one  is  also, found  in  the  Sait  range, 
a  difference  of  fauna  which  must  be  almost  entirely  due  to  the  Subdtlnt  bed 
having  been  deposited  in  shallow  muddy  water,  while  the  Salt  range 
species  inhabited  a  deeper  and  clearer  sea.  The  same  cause  that  led' to  , 
the  distinction  between  the  fauna  of  the  SnMlhu  and  Salt  range  nummu¬ 
litics  restricted  the  number  of  Sind  species  found  in  the  former,  and  we 
find  that  there  are  only  10  species  in  all,  of  which  2  ::re  Rdmkot,  7  Kirthar 
and  i  Gctj.  The  general  facies  of  the  fauna  is  consequently,  so  far  as  the 
more  limited  evidence  allows  us  to  judge,  newer  than  that  of  the  Salt  range 
nummulitics. 

The  upper  portion  of  the  nummulitic  series  is  wanting  in  the  Salt  range, . 
where  the  clear  nummulitic  limestones  are  unconformably  overlaid  by  the 
upper  tertiaries.  It  is  not  clear  how  far  the  hill  type  of  nummulitic  lime¬ 
stone  to  the  north  may  represent  the  nummulitic  limestone ,  of  the  Salt 
range.  Palaeontological  evidence  is  wanting, 'and  though  there  is  a  consi¬ 
derable  lithological  diversity,  there  is  none  that  could  not  be  accounted  for 
by  local  variations  in  the  conditions  of  deposition  and  by  the  greater  dis¬ 
turbance  that  the  northern  beds  have  undergone.  >  - 

Whether  there  is  an  exact  equivalence  in  time  of  the  two  types  of  num- 
mulftic  deposits  or  no,  the  existence  of  marine  conditions  in  the-Salt  range, 
at  a  period  anterior  to  the  formation  of  the  typical  SuWLthu  group,  deprives:  ■ 
us  of  any  compulsion  regard  to  the  nummulitic  series  west  of  the  J  eh  lam  as 
coeval  with  that  further  east,  and  it  is  on  the  whole  more'  natural  to  adopt 
Mr.  Wynne’s  original  correlation  of  the  upper  shaly  beds  in  the  western 
area  with  the  typical  Subdthus,?  and  to  look  on  the  underlying  .limestones,  ' 
and  associated  beds  as  older,  and  unrepresented  on  the  Subdtbu  section.  •-  ■ 

In  the  north-west  Punjab  and  in  the  Jammu  hills  the  eocpne  beds  are 
conformably  overlaid,  and  pass  by  interstratification  into  a  great  thickness  • 
of  red  and  purple  clays,  with  interbedded  grey  or  purplish  sandstones, 

1  Records,  IX,  54,  (1876).  I  2  Records,  X,  10ft  (1877). 
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occur  low  down  in  the  series,  in  beds  which  very  possibly  represent  the 
NAhan  group  as  originally  defined.  Under  these  circumstances  it  has 
been  found  inadvisable  to  retain  the  separation  between  NAhan  and  SiwAlik, 
and  the  former  are  now  classed  as  lower  SiwAlik,  though  the  term 
may  be  retained  as  a  useful  local  designation  for  a  particular  type  of 
formation. 

The  NAhan  group  is  composed  of  alternating  beds  of  a  fine  grained, 
usually^rey,  firm  sandstone,  and  of  days,  usually  bright  red  in  colour 
and  almost  always  some  shade  of  red  or  purple,  which  weather  in  a 
nodular  manner.  The  clays  usually  prevail  in  the  lower  part  of  the  group  . 
and  the  sandstones  in  the  upper. 

The  lithology  of  this  group  resembles  very  closely  that  of  the  Dag¬ 
shai  group,  and  one  might  be  tempted  to  regard  them  as  equivalent  to 
each  other.  The  equivalence  cannot  be  absolutely  disproved  till  the 
area  west  of  the  termination  of  the  typical  lower  Himalayas,  in  the  KAngra 
valley  and  the  Jammu  hills,  has  been  examined  in  greater  detail  than  has 
yet  been  done,  but  in  the  meanwhile  there  are  good  reasons  for  sup- 
'  posing  that  the  lithological  similarity  between  the  two  groups  is  due  to 
a  similarity  in  their  condition  of  deposition  and  does  not  mean  contem¬ 
poraneity  of  origin.  In  the  first  place  the  two  groups  are  found  in  distinct 
areas;  separated  by  a  marked  structural  feature,  exhibiting  itself  at  the  pre¬ 
sent  day  as  a  fault  of  many  thousand  feet  throw.  As  will  be  shown  in  a 
subsequent  chapter,  this  fault— commonly  known  as  the  main  boundary — is 
connected  in  a  peculiar  manner  with  the  elevation  of  the  Himalayas,  and  it 
is  highly  improbable  that  the  beds  exposed  south  of  it  are  of  the  same  age 
as  those  found  to  the  north.  Another  argument  depends  on  the  fact  that 
no  exposure  of  the  SubAthu  group  has  been  found  even  in  the  deepest 
cut  sections  of  the  typical  Nahan  group,  and  a  third  may  be  derived  from 
the  smaller  degree  of  induration,  indicating,  though  not  proving,  a  younger 
age.  In  the-tountry  north  of  N  All  an  town,  where  the  Nahan  and  Dagshai 
groups  are  brought  into  contact  with  each  other,  on  opposite  sides  of  the 
main  boundary  fault,  the  sandstones  of  the  former  always  weather  into 
soft  rounded  lumps,  while  the  DagshAi  sandstones  weather  into  angular 
fragments'  which  have  lost  the  sharpness  of  their  angles,  but  exhibit  a 
much  less  degree  of  weathering  than  that  to  which  the  NAhan  beds  have 
undergone  Finally  the  red  clay  beds  which  have  already  been  mentioned 
as  occurring  at  the  top  of  t/ie  Kasauli  group,  though  they  differ  some¬ 
what  from  the  typical  NAhan  clays,  resemble  them  sufficiently  to  point  to  a 
return  of  the  conditions  of  deposition  which  prevailed  in  the  Dagshai  and 
N Ahan  periods,  and  suggest  that  on  an  unbroken  section  the  Nahan  would 
be  found  to  overlie  the  Kasauli  group. 

No  fossils  have  been  described  from  the  typical  N Allans.  It  is  possible 
that  some  of  the  lower  SiwAlik  fossils  luund  in  the  north-west  Punjab  may 


ils  on  the  northern  side  of  the  hill  on  which 
consequently  in  llie  beds  of  the  N£han  groi: 
before  they  had  been  examined  by  a  paUcon 
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estimated  it  at  14,000  feet  in  the  north-west  Punjab.  In  the  Siwdlik 
hills  there  are  at  least  15, coo  feet  of  beds,  and  the  series  is  by  no 
means  complete,  and  similar  vast  thicknesses  may  be  measured  on  anv 
section. 


The  few  mollusca  which  have  been  found  in  the  upper  Siwiliks  belong 
solely  J-p  fresh  water  or  terrestrial  forms,  and  the  first  comparison  that  was 
made1  was  carried  out  under  circumstances  so  unfavourable,  with  so  poor  a 
collection  of  recent  species  from  India,  and  at  a  time  when  the  latter  were  so 
imperfectly  known,  that  but  little  weight  can  be  attached  to  the  conclusions 
formed.  The  majority  of  the  specimens  obtained  are  in  poor  preservation, 
but  all  the  forms  collected  from  upper  or  middle  Siwdlik  beds,  since  the 
recent  fresh  water  shells  have  been  better  known,  have  proved  to  be 
either  identical  with  living  species,  or  closely  allied  to  them.  Amongst 
those  hitherto  identified,  the  only  land  shell  is  Bulimus  instrtaris ?  a 
species  which  ranges  at  the  present  day  from  Africa  to  Burma,  whilst 
amongst  fresh  water  molluscs,  the  two  common  Indian  river  snails  Pahs- 
dina  beugalensis  and  P.  dissimi/is .  have  been  recognised,  and  forms  of 
Melania,  Amfutlaria  and  Un/a  also  occur.® 

So  far  as  the  evidence  extends,  therefore,  the  few  mollusca  of  the 
Siwiliks  tend  to  show  that  the  beds  must  be  of  upper  and  middle  tertiary 
date.  But  the  evidence  afforded  by  the  mollusca  is  imperfect,  and  both 
closer  comparison  and  a  larger  series  of  fossil  specimens  are  desirable 
before  any  very  positive  assertions  can  be  made  as  to  the  antiquity  of 
the  Siwilik  series,  on  the  data  afforded  by  the  invertebrata.  In  investi¬ 
gating  the  question  of  age,  we  are  consequently  forced  to  depend,  first 
upon  the  vertebrata,  and  especially  the  mammalia,  and  secondly  upon 
such  geological  evidence  of  connection  with  other  formations  of  known 
age  as  the  rocks  afford. 


The  first  question,  then,  is  the 

1  E.  Forbes,  in  Falconer’s  Palaeontological 
Memoirs,  London,  1886,  I,p,  389. 

a  Theobald,  MS.;  Geoffrey  Nevill,  Records, 
XV,  106,  (1882).  As  in  this  and  the  followng 
paragraph  Mr.  Theobald’s  view  of  the  affinities  1 
of  the  Siwalik  mollusca  has  been  accepted  in 
preference  to  the  high  authority  of  Prof.  E. 
Forbes,  it  is  only  just  to  say  that  Mr.  Theobald 
has  a  far  more  extensive  knowledge  of  living  ! 
Indian  fresh  water  shells  than  it  was  possible  1 
for  any  naturalist  in  Europe  to  acquire  at  the 
period  when  Prof.  E.  Forbes’  note  was  written. 
Indeed,  it  is  evident  from  Pi  of.  Foibes’  remarks 
that  the  collections  of  recent  Indian  shells 


homotaxial  relation  of  the  mammalian 

examined  by  him  were  too  imperfect  to  enab'e 
him  to  form  a  competent  opinion.  Mr.  Benson, 
a  better  authority  on  this  particular  subject 
■  than  Forbes,  considered  the  most,  if  not 
the  whole,  of  the  Siwalik  mollusca  identi¬ 
cal  with  existing  species  (Falconer;  Palae- 
ontologica’  Memoirs.  I,  pp.  26,  181).  Of  three 
species  in  the  Survey  collections,  two  were 
identified  by  Mr.  Geoffrey  Nevill  with  living 

a  Some  extinct  fluvi  atile  mollusca  have  been 
found  in  the  lower  Siwalik  strata  of  the  Bug- 
ti  hills  associated  with  a  vertebrate  fauna  oi 
miocene  facies.  See  supra ,  p.  359, 
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Sittdliks,  none  in  the  typical  area  being  known  to  occur  in  the  lower  or 
Ndhan  subdivision.  It  is,  however,  by  no  means  certain  that  some  of  the 
specimens  from  the  north-western  Punjab  are  not  derived  from  beds  of 
the  same  age  as  the  Nahan  group,  and  it  is  highly  probable  that  some 
other  forms  with  middle  tertiary  affinities  would  be  found  to  be  confined 
to  lower  Siwilik  beds,  if  the  precise  horizon  of  all  the  bones  collected  were 
known.1 

Qn  the  other  hand,  one  pleistocene  form,  Bos  ( Bubalus )  palxindicus , 
has  been  found  in  the  highest  Sin dlik  strata,  associated  with  Camelus 
sivalensis,  Colossochelys,  etc. ;  and  two  species  of  elephant,  belonging  to 
the  subgenus  Stegodon,  viz.  E.  insignis  and  E.  ganesa,  range  throughout 
the  upper  SiwSIiks,  and  recur  in  the  pleistocene  deposits.  The  species 
of  proboscidians  generally  appear  to  have  had  a  more  extensive  range, 
both  in  space  and  time  than  most  of  the  forms  belonging  to  other  mam¬ 
malian  orders,  but  Bos  palsemdtcus  is  an  animal  of  exceptionally  recent 
aspect,  even  in  the  pleistocene  mammalian  fauna,  since  it  is  only  distin¬ 
guishable  from  the  living  Bos  bubalus  ( Bubalus  buffelus  v.  B.  ami,  auct.) 
by  comparatively  trifling  and  unimportant  osteological  details.  It  must 
evidently  have  been  a  very  near  ally,  and  in  all  probability  the  not  very 
distant  progenitor,  of  the  buffaloes  which  now  inhabit  the  Ganges  valley, 
Assam,  and  parts  of  the  Central  Provinces  of  India. 

1  he  Siwdlik  forms,  however,  which  might  be  excluded  on  account  of 
belonging  to  an  older  or  a  newer  fauna,  and  of  being  supposed,  on  more  or 
less  strong  evidence,  to  be  confined  to  either  the  lowest  or  the  uppermost 
portions  of  the  series,  are  too  few  in  number  to  affect  the  general  facies, 
and  there  are  unquestionably  several  miocene  types  ami  some  pleistocene 
species  found  in  the  highly  fossiliferous  upper  Siwdlik  beds.  It  is  best 
therefore,  for  the  present,  to  include  all  the  forms  enumerated. 

Proceeding  then  to  classify  the  genera  of  mammalia  above  given, 
it  will  be  found  that  thirty-nine,  comprising  seventy-one  species,  still  exist 
(the  living  species  being,  however,  different  in  nearly  every  case],  whilst 
twenty  five  with  thirty’ seven  species,  are  extinct. 

Of  the  extinct  genera,  excluding  those  that  are  purely  Indian,  CElurogale 
and  Hyxnodon  are  found  in  oligocene  beds,  the  latter  ranging  into  the  mio- 
cene  ;  of  the  miocene  genera,  Dorcatherium  and  Antphicyon  are  not  known 
lioin  newer  beds,  while  Hyxnarctus ,  Chalicotherium,  and  Hipparion  range 
into  the  pliocene,  Machoerodus  and  Mastodon  into  the  pleistocene;  Hella- 
dotherium  and  Palworyx  are  purely  pliocene  forms,  while,  the  distinction 
of  Hemibos  from  the  living  Bubalus  is  very  doubtful. 

Of  the  other  extinct  forms,  not  known  out  of  India,  two  [HippcJiyus  and 

1  A  very  large  proportion  of  Hie  Siwalik  j  tors,  and  of  course  the  precise  locality  of  the 
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mammalia,  which  was  first  discovered  at  Pikermi  in  Attica,1  and  has  since 
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whether  this  be  igneous,  metamorphie,  or  sedimentary,  in  the  ease  of  basalt 
or  gneiss  underlying  laterite  th-'j  upper  part  is  decomposed,-  forming  a 
clay,  which  becomes  a  kind  of  litbomarge  passing  by  insensible  grada¬ 
tions  into  laterite  itself,  through  its  impregnation  with  iron  by  the  Water 
trickling  through  the  laterite  above.  In  fresli  sections;  where  adctrital  form 
of  laterite  is  the  overlying  rock,  the  limit  of  the  two  can  usually  be  traced 
without  difficulty,  but  surfaces  which  have  been  exposed  for  a  length  of 
time  are  generally  covered  with  more  or  less  of  the  Hmonite  glaze  and  the 
lithomarge.'can  no  longer  be  distinguished  from  laterite.1  This  lithomarge 
is  always  more  ferruginous  above  than  below  ;  it  varies  in  colour  from  red 
through  yellow  to  white,  being  usually  mottled,  not  frequently  coloured  . 
purple  or  lilac  in  patches,  and  a  few  pipes  often  occur,  apparently  produced 
by  the  percolation  of  water. 

Another  form  of  lithotnarge,  found  beneath  the  laterite  in  many  places, 
and  especially  to  the  northward,  consists  of  hardened  clay,  sometimes 
sandy  and  generally  highly  ferruginous,  which  shows  no  tendency  to  pass 
into  the  underlying  rock,  although  it  usually  exhibit.s-unmistakable  transition 
into  the  laterite  above,  in  these  cases,  the  laterite  arid  lithomarge  together 
form  a  group  of  beds  superposed,  as  a  rule  unconformably,  upon 
elder  rocks  of  various  kinds.  In  some  instances,  as  in  Bundelkhand,  this 
infra-lateritic  formation  contains  pebbles/ and  there  is  .every  reason  for 
believing  that  it  is  a  rock  of  sedimentary  origin.  In  ' some  cases  the 
present  form  of  lithomarge  contains  haematite  or  Hmonite  ■  in  quantities 
sufficient  to  enable  the  mineral  to  be  collected  for  iron  ore,  as  in  Bnndel- 
kliand,  near  Jabalpur,  and  on  the  eastern  flanks  of  the  Rajmahal  hills.  s”  ' 

One  peculiarity  possessed  to  an  eminent  degree  by  all  forms  of  laterite 
is  the  property  of  broken  or  detrital  fragments  being  recemented  into  a  mass, 
closely  resembling  the  original  rock.  Laterite  itself  has  great  -powers  of 
resisting  atmospheric  disintegration,  being  produced  by  long  action  of  the 
atmosphere  upon  various  ferruginous  clays,  but  the  underlying  formation- 
decomposes,  is  slowly  washed  away,  and  the  originally'  horizontal  cap  of 
laterite,  falling  down,  becomes  reconsolidated  on  the  irregular  surface, 
which  it  still  covers.  Another  form  of  reconsolidated  laterite  is  composed 
of  broken  fragments,  washed  down  by  raiti  and  streams  to  a  lower- level, 
at  which  they  become  recemented. 

The  surface  of  the  country  composed  of  the  mote  solid  forms  of  la¬ 
terite  is  usually  very  barren,  the  trees  and  shrubs  growing  upon  it  being, 
thinly  scattered  and  of  small  size.  This  infertility  is  due,  in  great  part,' 
to  the  rock  being  so  porous  that  all  water  sinks  into  it,  and  sufficient- 
moisture  is  not  retained  to  support  vegetation.  The  result  is  that  laterite . 
plateaux  are  usually  bare  of  soil,  and  frequently  almost  bare  of  vegetation.-. 
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animals  far  more  than  tlic  minute  Rmieittia,  Insectivora,  Chiroptera,  etc. 
Still  it  id  only  reasonable  to  suppose  that  pie  ancestors  of  the  present  Micro-, 
mammalia  lived  in  the  same  profusion  as  they  do  now,  and  it  is  incre¬ 
dible  that  the  living  rodents  and  inseclivores  can  play  the  parts  on  the  ■ 
modem  stages,  and  fulfil  the  functions,  of  the  great  ungnlat.es  and  carnivores 
of  past  times.  Comparing  like  with  like,  and  especially  passing  in  review 
the  Carnivora.,  ProbosCtdda,  and  V ngulata,  all  represented,-  arid  all, 
except  the  Proboscidea,  well  represented  in  the  living  fauna  of  India,  ■ 
indeed  better  than  in  most  other  parts  of  the  world  at  the  present  day,  it  ’ 
is  impossible  not  to  be  struck  with  the  comparative  poverty  in  variety  of  ' 
the  existing  mammalian  types.  We  have  of  course  but  an  imperfect  • 
knowledge  even  of  the  larger  Siwdlik  animals,  and  remains  of  Carnivora 
are  rare,  so  much  so  that  probably  many  species  remain  undiscovered, 
but  even  at  present  the  known  Shvalik  carnivores  are  more  numerous 
than  the  living  forms  of  similar  size  in  the  same  urea,  and  the  ungulates 
exceeded  their  living  representatives  in  number  in  the  proportion,  of  more  - 
than  three  to  one,  there  being  iity-six  known  Slwdlik  species  and  only 
eighteen  recent.  The  superior  wealth  of  the  older  fauna  is  both  generic-' 
and  specific ;  not  only  are  the  types  more  varied,  but  there  is  a  greater 
variety  of  forms  in  many  of  the  genera,  and  no  less  than  eleven  extinct  " 
elephants  and  mastodons  are  represented  by  a  solitary  living  form,  five  a 
such  modern  types  as  Bos  have  dwindled  in  numbers  from  six  to  two. 

This  great  impoverishment  of  the  recent  mammalian  fauna  is  not 
peculiar  to  India.  It  is  found  in  other  parts  of  the  Old  World  and  in 
America,  wherever  remains  of  animals  have  been  preserved  in  sufficient 
quantities  amongst  the  deposits  of  the  later  tertiary  epochs  lor  a  good 
idea  of  the  fauna  to  be  presented.  In  the  words  of  Mr.  Wallace,  “We 
live  in  a  zoologically  impoverished  world,  from  which  all  the  largest  and 
fiercest  and  strongest  forms  have  recently  disappeared  f1  and  he  makes 
the  happy  suggestion,1  that  this  enormous  reduction  in  the  numbers  of 
the  greater  mammals  is  due  to  the  glacial  epoch.  Thus,  we  have  an  addi¬ 
tion  to  the  arguments  urged  in  the  first  chapter,®  in  favour  of  India 
having  been  affected  by  a  cold  period  in  the  geologically  recent  past,  • 

1  Geographic*!  Distribution  of 
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LATERITE. 


General  Characters  and  composition,— Distinction  of  high  level  and  low  level  laterite - 
Distribution  and  mode  of  occurrence  — Theories  of  the  origin  Resume, 

All  who  have  paid  auy  attention  to  the  geology  of  India  must  be 
familiar  with  the  term  ‘  laterite,’  and  no  one  can  have  travelled  far  in  India 
without  meeting  with  the  substance  itself,  which  is  still  one  of  the  stum¬ 
bling  blocks  of  Indian  geology.  Although  it  is  difficult  to  conceive 
that  a  rock,  so  widely  spread  in  India  and  Ceylon,  and  said  to  be  extensively 
developed  in  Malacca  and  Sumatra,  while  some  occurs  in  Burma,  can  be 
peculiar  to  these  regions,1  it  is  uncertain  if  anything  precisely  similar  has 
hitherto  been  detected  elsewhere.  It  is  almost  invariably  a  surface  form¬ 
ation,  and  according  to  some  observers,  nothing  but  a  form  of  soil;  yet  it  be¬ 
comes  an  important  formation  from  the  very  large  area  in  India,  which  it 
superficially  covers,  and  a  treatise  on  Indian  geology  would  be  imperfect 
without  a  full  description  of  the  rock. 

The  order  in  which  its  description  comes  is  governed  by  the  fact  that 
while  there  can  be  but  little  doubt  that  some  forms  of  iaterite  are 
in  process  of  formation  at  the  present  day,  others  date  from  tertiary,  and 
perhaps  from  eocene,  times,  and’  as  the  rock  is  usually  unfossiliferous  it 
appears  best  to  describe  all  the  varieties  together  before  proceeding  to 
the  description  of  the  poSttertiary  rocks. 

The  description  of  laterite,  given  in  many  geological  works,  is  far  from 
accurate,  although  the  rock  has  been  well  described  by  several  Indian 
geologists.8  In  its  normal  form  it  is  a  porous  argillaceous  rock  much 


1  Voyaey  states  that  it  is  found  at  the  Cape  i 
of  Good  Hope.  It  is  a  noteworthy  fact  that 
no  laterite  has  been  detected  in  Abyssinia,  | 
where  the  rocks  throughout  a  large  area  of  j 
country  are  precisely  similar  to  those  of  the  j 
Bombay  Deccan.  In  map  No.  4  of  Berghaus’ 
Physical  Atlas,  laterite  is  represented  as  cover- 
ing  nearly  a  quarter  of  the  dry  land  of  the  earth. 
The  term  is,  however,  used  in  a  diffi  rent  sense 
to  that  here  applied. 

8  It  would  be  difficult  to  give  a  description 
of  any  rock  more  dear  and  accurate  Lhan 


Newbold’s  account  of  the  laterite  of  Bfdar,  Jour. 
As.  Soc .  Bengn  Kill,  989,  (1844)  ;  J<mr.  As.  SoC - 
Beng.,  XIV,  299,  (1845)  and  d s • 

S(M>  VIII,  227  (1846).  Tne  descriptions  of 
laterite  scattered  through  t  he  writings  of  various 
Indian  geologists  are  too  numerous  to  quote. 
Amongst  the  more  important  are  the  following — > 
Buchanan  Journey  from  Madras  through  My¬ 
sore,  Canara,  and  Malabar,  London,  1807,  II, 
p.  4:0.  Stirling,  As.  Bes.,  XV.  177,  (18:15); 
Chris'.ie,  liiiin.  AYw  Phil.  Jaut.t  VI,  117,(1829); 
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!»i|in‘«nisfr:il  with  iron  peroxide  irregularly  distributed"  throughout  the 
muss,  whose  composition  may  be.  iptlseml  from  the'  following  analysis  of  a 


dily  ferruginous  variety  front  Rangoon.1—  . 

StH.in 

hi;  is  Ac  mi. 

1’rtroxirlc  of  iron . 

•  4^t9 

Aluttima  .  .  «  < 

*  8-783 

Magnesia  .... 

.  .  74*'  ' 

ir.E  .n  Acids. 

Silica  .  ,  , 

Issotvi 

Silica  (dissolved  by  potash) 

6-728 

Silica  (by  fusion) 

,  30-728  ' 

Lime,  iron,  and  alumina 

•  2-72* 

Combined  water  alkalies  and  1 

ose 

6'8oi 

The  iron  exists  either  entirely  in  the  state  of  hydrated  peroxide 
(limonite)  or  else  partly  as  hydrated  and  partly  as  anhydrous  peroxide. 
The  surface  of  laterite  after  exposure  is  usually  covered  with  a  brown  or 
blackish  brown  crust  of  limonite,  but  when,  freshly  broken,,  the  rock  is 


mid  Mad.  Jour.  Lit..  Sot'.,  IV,  468,  (1836); 
Cakler,  As.  fits,,  XVIII,  4,  (1833) ;  Cole,  Mad. 
Jour.  Lit.  SA,  I  V ,  JCO,  (1836).;  Voysey,  Jour. 
As.  Sot.  BcnS.,  XIX,  273;  (1850);  Kelaart, 
min.  AVw  Pm.  Jour.,  LIV,  28,  (1853); 

Carter,  Jour.  Bo.  Br.  Boy.  As.  Sac.,  IV,  1 99, 
(1:852) ;  V,  264.  (1857)  J  Ayloun,  Edin.  New 
Phil.  Jour.,  2nd  series,  IV,  67,  (.856) ;  Buisl., 
Trans.  Bo.  Ceog.  See.,  XV,  p.  xxii,  (1859). 

The  subject  has  also  been  frequently  treated 
in  the  publications  of  the  Geological  Survey, 
especially  Memoirs  1, 69,  (1856),  265-380,(1859); 
Ii.  78,  (i860) ;  IV,  260,  (1864)  j  X,  27,  (1873) ; 
xu,  200, 224,  (187G);  xm,  222,  (1877);  xviii, 


132,  (1881)  ;  XXIV,  21;  and  239,  (1890);  where 
an  account  of  all  previous  notices  is  given. 
See  also  Becards,  XV,  93,  (1SS2)  ;  XXI  l,  320, 

(1889).  '  _ 

!  Jour.  its.  Sob.  Seng.,  XXII,  198,  (1833), 
The  result  given  is  the  mean  -  of  three  ah* 
alyses  made  in  the  laboratory  of  the  School  of 
Mines,  London.  '  The  following-  are  assays  of 
the  quantity  of  iron  contained  in  the  portion  of 
laterite  soluble  in  acids.  The  analysis  ,of  first 
five  and  No.  8  ware  made  by  Mr.  Mallet  for 
the  first  ‘edition  of  the  present  work,  the  other 
three  are  from  the  paper  on  the  laterite  of 
Orissa  (Memoirs,  1,  p.  288)  — 


High-level  l&lenle  overlying  Deccan  trap,  Amarkantak  35-6.  '  50-8 

Ditto  from  Mdin  Pat,  Sargtija  ■ .  .  .  itvfi  -  -23T 

Ditto  from  Baplaimaii  plateau,  Kdlahandi,  '  "  , • 

south  of  Sambalpur  .  .  .  15-  >  .arq  .  •/ 

Ditto  from  top  of  Moira  hill  is  the  Kharakpur 

range',  south  of  Mor.ghyr  .  .  '  28-3  •  40-4 

Ditto  From  Mahudgarhf  hill,  RajmabAl  bills  15  8  s>2‘S  ' 

Laierile  (high-level)  from  K4thiSw4r,  Western  India  .  ■  .  22-8'  '  ’  .  .33-5  -. 

Low-level  laterite, from  Daltols,  Cuttack,  OrisSa  .  -  2)-$  '  1  34-9 

Ditto  from  near  Cuttack  .  .  .  .  '  25'U  .  ’  3S‘5'  7 

Ditto  from  Tiiijore  .  .  '  ,  , '  234  '  33‘4 
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mottled  with  various  tints  of  brown,  red,  and  yellow,  and  a  considerable 
proportion  sometimes  consists  of  white  clay.  The  difference  of  tint  is 
evidently  due  to  the  segregation  of  the  iron  in  the  harder  portions,  the 
pale  yellow  and  white  portions  of  the  rock,  which  contain  little  or  no  iron, 
being  very  much  softer,  and  liable  to  be  washed  away  on  exposure.  Oc¬ 
casionally  the  white  portions  have  a  brecciated  appearance,  and  consist 
of  angular  fragments  in  a  ferruginous  matrix.  In  this  case  the  rock  has 
not  unfrequently  a  compact  texture  resembling  jasper,  but  it  is  never  sc 
hard  as  a  purely  silicious  mineral. 

The  iron  peroxide  not  unfrequently  occurs  in  the  form  of  small  pisolitic 
nodules,  which  are  sometimes  employed  as  iron  ore.  Veins  and  nests  of 
black  manganese  have  been  observed  by  Newbold  in  some  laterites  of  the 
Deccan.1 

In  many  forms  of  laterite  the  rock  is  traversed  by  small  irregular 
tortuous  tubes,  from  a  quarter  of  an  inch  to  upwards  of  an  inch  in  dia¬ 
meter.  The  tubes  are  most  commonly  vertical,  or  nearly  vertical,  but 
their  direction  is  quite  irregular,  and  sometimes  they  are  horizontal.  They 
are  usually  lined  throughout  with  a  crust  of  limonite,  and  except  near  the  sur¬ 
face  are  often  filled  with  clay.  Besides  these,  there  are  sometimes  horizontal 
cracks,  occasionally  expanding  into  small  cavities,  and  giving  an  appearance 
of  irregular  stratification  to  the  formation.  In  the  more  massive  forms  of 
laterite  some  horizontal  banding  is  usually  present,  the  cavities  beneath  the 
surface  being  mostly  filled  by  more  or  less  sandy  clay.  When  first  quar¬ 
ried,  the  rock  is  so  soft  that  it  can  easily  be  cut  out  with  a  pick,  and 
sometimes  with  a  spade,  but  it  hardens  greatly  on  exposure. 

'  The  exposed  surface,  whether  vertical  or  horizontal,  is  characteristic 
and  peculiar.  It  is  extremely  irregular,  being  pitted  over  with  small 
hollows,  caused  by  the  washing  away  of  the  softer  portions,  and  gener¬ 
ally,  though  not  always,  traversed  by  the  tubes  and  cavities  just  described. 
At  times  it  is  so  much  broken  up  by  small  holes  as  to  appear  vesicular, 
whilst  the  crust  of  limonite  forms  a  brown  glaze,  often  mammillated  or 
botryoidal,  so  that  the  rock  has  a  remarkably  scoriaceous  appearance 
and  bears  a  very  curious  resemblance  to  an  igneous  product.  It  is  not 
surprising  that  many  observers  should  have  looked  upon  laterite  as  vol¬ 
canic,  for  not  only  does  it  often  present  this  remarkable  superficial  resem¬ 
blance  to  a  scoriaceous  lava  flow,  but  it  is  found,  in  several  parts  of  India, 
associated  with  basalt  and  other  igneous  rocks.  Laterite,  however,  as  will 
be  shown  presently,  is  never  an  original  form  of  igneous  rock.  It  is  in  all 
cases  either  produced  by  the  alteration  of  oilier  rocks,  sometimes  igneous 
sometimes  sedimentary  or  inelamorpliie,  or  else  it  is  of  detrital  origin. 

The  laterite  frequently  appears  to  [.ass  into  the  underlying  rock, 


1  Jaur.  As.  Soc.  Bong.,  Xlli.  992*  (1S44). 
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whether  tin's  be  igneous,  meUmorphie,  or  sedimentary.  In  the  case  ot  basalt 
or  gneiss  underlying  laterite  tli  ^  upper  part  is  decomposed,  forming  a 
clay,  which  becomes  a  kind  of  lithomarge  passing  by  insensible!  grada¬ 
tions  into  laterite  itself,  through  its  impregnation  with  iron  by  the  Water 
trickling  through  the  laterite  above.  In  fresh  sections;  where  adctrital  form 
of  laterite  is  the  overlying  rock,  t.he  limit  of  the  two  can  usually  be  traced 
without  difficulty,  but  surfaces  which  have  been  exposed  for  a  length  of 
time  are  generally  covered  with  more  or  less  of  the  limonite  glaze  and  the 
lithomarge”'cao  no  longer  be  distinguished  from  laterite.1  This  lithomarge 
is  always  more  ferruginous  above  than  below  ;  it  varies  in  colour  from  red 
through  yellow  to  white,  being  usually  mottled,  not  frequently  coloured . 
purple  or  lilac  in  patches,  and  a  few  pipes  often  occur,  apparently  produced 
by  the  percolation  of  water. 

Another  form  of  lithomarge,  found  beneath  rhe  laterite  in  many  places, 
and  especially  to  the  northward,  consists  of  hardened  clay,  sometimes, 
sandy  and  generally  highly  ferruginous,  which  shows  no  tendency  to  pass 
into  the  underlying  rock,  although  it  usually  exhibits-unmistakable  transition 
into  the  late  rile  above.  In  these  cases,  the  laterite  and  lithomarge  together 
form  a  group  of  beds  superposed,  as  a  rule  unconformably,  upon 
older  rocks  of  various  kinds.  In  some  instances,  as  in  Bundelkhand,  this 
infra-lateritic  formation  contains  pebbles, !  and  there  is  every  reason  for 
believing  that  it  is  a  rock  of  sedimentary  origin.  In  some  cases  the 
present  form  of  lithomarge  contains  hasmatite  or  limonite  ■  in  quantities 
sufficient  to  enable  the  mineral  to  be  collected  for  iron  ore,  as  in  Bitndel- 
khand,  near  Jabalpur,  and  on  the  eastern  flanks  of  the  Rajinahal  hills. 9  ' 

One  peculiarity  possessed  to  an  eminent  degree  by  all  forms  of  laterite 
is  the  property  of  broken  or  detrital  fragments  being  recemented  into  a  mass, 
closely  resembling  the  original  rock.  Laterite  itself  has  great  powers  of 
resisting  atmospheric  disintegration,  being  produced  by  long  action  of  the 
atmosphere  upon  various  ferruginous  clays,  but  the  underlying  sormation- 
decomposes,  is  slowly  washed  away,  and  the  originally  horizontal  cap  of 
laterite,  falling  down,  becomes  reconsolidated  on  the  irregular  surface, 
which  it  still  covers.  Another  form  of  reconsolidated  laterite  is  composed’ 
of  broken  fragments,  washed  down  by  rain  and  streams  to  a  lower-  level, 
at  which  they  become  recemented. 

The  surface  of  the  country  composed  of  the  more  solid  forms  of  la¬ 
terite  is  usually  very  barren,  the  trees  and  shrubs  growing  upon  it  being 
thinly  scattered  and  of  small  size.  This  infertility  is  due,  in  great  part, 
to  the  rock  being  so  porous  that  all  water  sinks  into  .it,  and  sufficient 
moisture  is  not  retained  to  support  vegetation.  The  result  is  that  laterite  . 
plateaux  are  usually  bare  of  soil,  and  frequently  almost  bare  of  vegetation.. 

!  Memoirs,  I,  283,  (1850).  j  .  *  Memoirs,  II,  81,  <j86of :  XIII,  all',  (1S77V  ’ 

*  Memoirs,  II,  84,  (i8'jo).  ' 
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Of  course,  this  barrenness  is  not  universal,  soil  sometimes  accumulates 
on  laterite  caps,  and  some  of  the  more  gravelly  or  more  argillaceous 
varieties  support  a  moderate  amount  of  vegetation.  Still  the  general 
effect  of  the  rock  is  to  produce  barrenness. 

Several  writers  have  divided  the  laterite  into  two  forms,  high  level  and 
low  level  laterite,  the  former  of  which  was  supposed  not  to  be,  the  other 
to  be, ^f  detrital  origin,  and  by  some  it  has  been  urged  that  the  term  should 
only  be  applied  to  the  latter  of  these. 

The  high  level  form,  which  is  found  capping  the  summits  of  hills  and 
plateaux  on  the  highlands  of  central  and  western  India,  is  a  rock  of 
fine  grain,  and  apart  from  the  irregular  distribution  of  the  iron  it  contains, 
fairly  homogeneous  in  structure  ;  it  is  not  sandy,  and  only  exceptionally 
shows  any  indication  of  a  detrital  origin  This  type  Mr.  Foote  1  has  pro¬ 
posed  to  distinguish  as  iron  clay,  a  term  used  by  Voysey,  one  of  the 
earliest  observers,  but  also  used  by  him  in  describing  the  low  level  detrital 
laterite  of  Nellore, 

The  low  level  laterite,  which  covers  large  tracts  in  the  neighbourhood 
of  both  coasts,  on  the  other  hand,  frequently  contains  grains  of  sand  and 
pebbles,  imbedded  in  the  ferruginous  matrix.  It  is,  as  a  rule,  less  homo¬ 
geneous  than  the  high  level  form,  and  passes  by  insensible  gradations  into 
sandy  clay  or  gravel  with  a  very  small  proportion  of  iron,  especially  in  the 
exposures  that  have  been  classed  as  laterite  on  the  east  coast,  many  of 
which  have  little  or  no  claim  to  the  name  if  it  is  to  be  used  in  any  litho¬ 
logical  sense.  On  the  west  coast  the  exposures  are  more  truly  lateritic  in 
their  nature,  and  there  are  large  areas  of  rock  which  do  not  appear  to  be 
detrital  in  their  origin  and  are  undistinguishable,  except  by  position,  from 
the  high  level  laterite  of  the  Deccan. 

This  fact  shows  that  no  hard  and  fast  distinction  can  be  drawn 
between  the  high  and  low  level  laterite,  but  there  is  undoubtedly  on 
the  whole  a  difference  in  age  and  origin  between  the  two  types,  and 
those  geologists  who  consider  that  the  name  of  a  rock  should  distinguish 
not  only  its  composition  and  structure,  but  also  its  mode  of  origin,  are 
justified  in  refusing  to  use  the  same  word  to  designate  both.  At  the  same 
time  there  is  nothing  in  the  description  of  the  original  propounder  of  the 
name  to  indicate  that  he  restricted  the  word  to  one  form  rather  than  the 
Other.  There  is  good  reason  to  suppose  that  some  of  the  laterite  in  the 
district  he  examined  is,  and  some  is  not,  of  detrital  origin  ;  moreover,  the 
word  has  by  convention  come  to  be  used  so  generally  as  an  ill  defined  but 
convenient  term,  descriptive  of  the  constitution  and  nature  of  the  rock, 
irrespective  of  its  mode  of  origin,  that  it  would  be  inconvenient,  if  not 
impossible,  to  attempt  a  restriction  of  its  meaning.  But,  though  it  is  im¬ 
possible  to  distinguish  between  the  high  level  and  low  level  lateriies,  if  by 
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former.  North  of  the  Narbada  also,  in  Rewd,  Bundelkhand,  and  in  other 
•states  as  far  west  as  Gujerdt,  laterite  is  found,  sometimes  as  much  as 
200  feet. in  thickness,  capping  outliers  of  the  trap  series. 

In  all  the  localities  hitherto  mentioned  laterite  occurs  resting  upon  the 
Deccan  traps,  but  the  high  level  laterite  overlaps  the  traps,  rests  upon  older 
rocks,  and  is  found  in  places  some  hundreds  of  miles  beyond  any  existing 
outlier  of  the  volcanic  series.  Instances  of  this  kind  have  been  noticed 
b}.  various  observers  in  the  southern  Mardthd  country,1  the  same  laterite 
bed  being  apparently  sometimes  continued  from  the  trap  surface  on 
to  the  transition  or  metamorphic  rocks,  whilst  numerous  outliers  on 
the  older  formations  are  known  to  exist.  Caps  are  said  also  to  occur 
at  high  elevations  on  the  Dambal  or  Kappatgod  hills,  east  of  Dhtir- 
wdr,  and  on  hills  in  the  neighbourhood  of  Bellary  and  Cuddapah.®  More  to 
the  north-east,  in  the  high  grounds  of  Patnd,  Kilahandi,  Bastar,  Jaipur, 
etc.,  between  the  Mah£nadf  and  Goddvari,  caps  of  laterite,  50  to  100  feet 
thick,  occur  on  many  of  the  higher  hills8  at  elevations  of  between  2,000 
and  4,000  feet  above  the  sea.  The  most  eastern  exposure  known  to  occur 
in  this  neighbourhood  is  on  the  Kopilas  hill,  about  2,050  feet  above  the 
sea,  and  12  miles  nearly  due  north  of  Cuttack.4  To  the  northward  a 
great  expanse  of  laterite  is  found  on  the  Cbutii  Nigpur  plateau  at  eleva¬ 
tions  varying  from  2,000  to  3,000  feet  above  the  sea  in  several  places,  and 
especially  to  the  north-west  of  Jashpur  ;5  it  caps  ridges  and  peaks  in  the 
usual  manner,  but  differs  from  the  usual  high  level  laterite  in  covering  hills 
and  valleys  alike,  and  is  probably  in  part  a  reconsolidated  formation. 
Leaving,  for  the  moment,  the  Rdjmahdl  hills,  which  require  separate 
notice,  a  thick  mass  of  laterite  occurs  at  an  elevation  of  1,500  feet  on 
Moira  hill,  the  highest  peak  of  the  Kharakpur  range.  Turning  thence 
westward,  caps  of  the  same  rock  are  found,  outside  of  the  trap  area,  at 
several  places  in  Bundelkhand,®  and  at  two  near  Gwalior,"  all  on  the  highest 
ground  of  the  country. 

Besides  the  above  mentioned  localities  laterite  has  been  reported  to 
occur  on  some  of  the  hills  of  Southern  India,  but  ferruginous  clays  have 
possibly  been  described  under  the  name  of  laterite,  which  have  little  of 
its  true  character.  Such  is  the  case  with  the  Nilgiris,  one  of  the  localities 
mentioned  by  several  geologists.  No  well  authenticated  occurrence  of 
laterite  is  known  at  an  elevation  exceeding  5,000  feet  above  the  sea. 

There  is,  however,  a  very  important  bed  of  this  rock  on  the  Rdj- 


mnWl  bills  in  Bengal,5  These  bills,  like  the  highlands  of -the  Bombay 
Dcccan,  are  composed  of  bedded  ?  jfeonltic  traps,  and,  ns  in, the  Drees n,  the 
very  highest  bed  consists  of"  laterite,  Mahudgarbf,  the  highest  plateau  Jn 
the  range,  1,655  feet  above  the  sea,  being  capped  by  this  'formation;  The 
ia'nme  in  the  RAjnmhal  bills  is,  in  places,  as  much  as-  200  feet  thick  and 
it  slopes  gradually  from  the  weslcni  scarp  of  the  bills,  -where  it  attains  its 
highest  elevation,  to  the  Gangetie  plain  on  Use  cash  Here,  too';  there  is 
sometimes,  as  in  the  Deccan,  an  apparent  passage  from  basalt  into  laterite, 
but  the  latter  rock  to  the  eastward  is  distinctly  identical  with  the  low 
level  laterite  of  Bengal,  and  is  clearly  of  detrital  origin,  whilst,  even- at. 
considerable  elevations  in  the  hills,  fragments,  derived  from-  the  shales 
intei stratified  with  the  basaltic  'flows,  are  found  imbedded  in  the  laterite', 
so  that,  no  distinct  line  having  ever  been  drawn  between'  the  beds  at  differ¬ 
ent  elevations,  we  appear  in  this  case  to  have  a' passage  from  the  high 
level  into  the  low  level  laterite,  and  reasons  for  supposing  that  both  were 
originally  of  sedimentary  origin.  The  case,  it  should  be  remembered,  is 
not  clearly  proved,  the  laterite  of  the  Rffjmahfi!  country  not  having  been 
specially  examined  with  a  view  to  test  the  connection  between  the  beds  to 
the  eastward  and  those  to  the  westward,  but  the  two  appear  to  be  parts 
of  the  same  formation,  and  it  is  certain  that  both  are  in  this  instance 
detrital,2  '  '  ‘ 


The  evidence  hitherto  collected  is  insufficient  to  justify  the  conclusion 
that  the,  high  level  laterite  once  formed  a  continuous  bed,  occupying  the- 
whole  surface  of  the  Indian  peninsula  from  the  Ganges  valley  to  the  neigh¬ 
bourhood  of  Madras,  but  the  manner  in  which  caps  now  occur  upon  isolated 
peaks  and  ridges  clearly  shows  that  they  were  once  much  more  extensive, 
and  that  only  the  remnants  have  been  left  undenuded-  It  is  difficult,  in  pre-* 
sence  of  the  great  amount  of  denudation  which  has  taken  place  since  the 
laterite  caps  were  part  of  a  more  extensive  formation  to  escape  the  conviction' 
that  the  high  level  laterite  must  be  of  considerable  geological  antiquity.  ' 


Before  proceeding  to  discuss  the 
laterite,  it  will  be  best  to  point  out 

1  The  laterite  has  been  bat  briefly  noticed; 
see  T.  Oldham,  Jour.  ,4s.  Sot.  Bong.,  XXtJI, 
273,  (1854)  ;  Ball,  Memoirs,  XIII,  222,  (1877), 

4  There  is  a  possibility  that  the  connection 
between  the  high  level  laterite  and  the  low 
level  laterite  of  the  eastern  coast  is  not  con¬ 
fined  to  the  solitary  instance  of  the  Rdjma- 
hal  hills,  although  no  other  equally  well  mark-  , 
cd  case  of  passage  can  be  traced,  and  in 
’Oma  cases,  as  at  Kopilas  near  Cm  tack,  the  j 
difference  in  level  is  very  great;  but  thc  low  i 


very  difficult  subject  of  the  origin  of 
the  general  distribution  of  the  low 

dually  from  the  neighbourhood  of  the  sea,  at 
a  slope,  which,. if  continued  inland,  Would  con- 
nect  the  bed  with  the  high  level  formation. 
The  latter  is  of  greater  antiquity  than  the  low 
level  bed,  but  the  process  ,of  formation  may 
have  been  continuous,  the  rock  now  found  at 
a  higher  level  being  Brat  formed,  that  at  a 
lower  elevation  being  gradually  consolidated 
as  the  lower  portion  of  the  oountry  was  raised 
above  the  sea.  It  should  be  remembered  that 
the  higher  part  of  the  country  was,  in  all  pro; 
bability,  never  depressed  below  the  sea  levelf 
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level  laterite,  especially  in  the  neighbourhood  of  the  coast.  On  the  west 
coast  of  the  Peninsula  laterite  has  not  been  observed  in  the  Konkan, 
or  lowlands,  north  of  Bombay,1  it  appears,  a  little  farther  to  the  south¬ 
ward,  between  Bombay  and  Ratn&giri,  and  extends  thence  throughout 
large  tracts  of  the  low  country,  intervening  between  the  Sahyddri  range 
and  the  sea,  as  far  as  Cape  Comorin.  It  does  not,  of  course,  cover  the 
whole  surface.  In  many  places  it  has  been  cut  away  by  streams,  so  that 
the  lower  formations  are  exposed,  and  in  parts  of  the  country  it  appears 
to  be  wanting.  The  greater  part  of  the  region,  however,  has  never  been 
geologically  mapped,  and  very  few  details  of  the  distribution  of  laterite  are 
available. 

In  the  country  between  Ratndgiri  and  Goa  the  rock  appears  to 
form  a  plateau,  having  a  general  elevation  of  200  to  300  feet  above  the 
sea.  On  the  coast  it  terminates  in  cliffs,  the  trap  being  exposed 
beneath  it.  The  plateau  extends  for  from  15  to  20  miles  inland,  and  is 
cut  through  by  numerous  rivers  and  streams,  in  all  of  which  the  trap  is 
exposed,  the  lignite  and  clays,  which  were  mentioned  in  the  last  chapter, 
being  found  between  the  laterite  and  the  traps  at  Ratnagiri.  Farther  in¬ 
land  the  laterite  is  found  at  a  higher  elevation  than  near  the  coast,  so  that 
the  rock  appears  to  have  a  low  slope  towards  the  sea.  The  laterite  is 
distinctly  of  detrital  origin,  and  even  conglomeratic  in  places,  the  thick, 
ness  is  considerable,  but  no  exact  measurements  have  been  recorded,  except 
at  Ratndgiri,  where  it  amounts  to  35  feet,  probably  less  than  the  average. 
It  is  evident  that  the  plateau  formerly  extended  much  farther  to  the  east¬ 
ward,  and  it  probably  covered  the  whole  of  the  country  as  far  as  the  base 
of  the  Sahyddri  range,  for  caps  of  laterite  are  found  in  places  on  the  trap 
hills,  and  masses,  reconsolidated  from  the  detritus  of  the  principal  beds, 
are  found  at  lower  levels. 

South  of  Malwdn  the  underlying  rock  is  no  longer  trap  but  gneiss,  or 
some  other  metamorphic  formation.  The  laterite,  which  is  extensively 
developed,  appears  to  be  similar  to  that  of  the  Bombay  Konkan.  In 
Travancore  it  overlies  the  fossiliferous  tertiary  beds. 

On  the  east  coast  of  India  laterite  occurs  almost  everywhere,  rising 
from  beneath  the  alluvium  which  fringes  the  coast,  and  sloping  gradually 
upwards  towards  the  interior,  but  this  laterite  is,  as  a  rule,  a  much  less 
massive  formation  than  the  rock  of  the  western  coast.  It  is  seldom  more 
than  20  feet  in  thickness,  and  is  often  represented  by  a  mere  sandy  or 
gravelly  deposit,  not  more  than  four  or  five  feet  thick  Where  it  is  thicker 
the  lower  portion  usually  consists  of  lithomarge,  produced  by  the  alteration 
of  the  underlying  rock.  The  laterite  is  frequently  conglomeratic,  and 

This  idea  of  the  whole  laterite  being  one  I  'Except  near  Surat,  where  the  outcrops  arc 

to  Newbold. — Jour.  Roy.  .Is,  Soc.,  VIII,  240,  all  superficial  laterite,  in  being' Jisiinetiv  in- 
0846).  '  ttrcalaled  between  other  beds. 


or  another  it  appears  to  be  traced.  At  short  intervals,  from  Cape  Comorin 
to  Orissa,  and  thence  northward  through  Midnapur,  Rardwftn,  and 
Birbbum,  to  the  flanks  of  the  Rijnftabdl  hills,  where  it  is  well  developed  and, 
as  already  noticed,  it  appears  to  pass  into  the  high  level  Isiterite. 

The  low  level  laterite  Is  not  confined  to  the  neighbourhood  of  the  coast. 
It  is  frequently  found  in  patches  over  many  parts  of  the  country,  but  these 
patches  are  rarely  of  large  size  and  they  often  appear  to  be  due  to  local 
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ing  a  tolerably  complete  account  of  the  rock,  the  distribution  and  mode  of 
occurrence  of  the  different  varieties  of  laterite,  the  question  of  the  manner 
in  which  this  rock  has  been  formed,  must  next  be  considered.  The 
subject  has  already  been  noticed  as  difficult,  the  difficulty  arising  from 
the  fact  that  the  rock'has  evidently  undergone  a  considerable  amount  of 
change,  both  chemical  and  structural.  The  difference  between  laterite, 
when  first  cut  from  the  quarry  and  the  same  rock  after  exposure,  is 
well  marked.  The  rock  becomes  harder,  and  the  hardening  appears 
not  merely  due  to  the  desiccation  of  the  argillaceous  constituents,  but 
also  to  a  change  taking  place  in  the  distribution  of  the  peroxide  of 
iron,  the  change  being  shown  by  the  colour  becoming  darker,  and  by  the 
surface  being  covered  with  a  glaze  of  limonite.  Whether  the  anhydrous 
iron  peroxide,  which  occurs  in  some  forms  of  high  level  laterite,  be¬ 
comes  converted  by  exposure  into  hydrated  peroxide,  has  not  been 
ascertained,  but  it  is  quite  clear  that  the  process  of  segregation  of  the 
iron  has  tended  greatly  to  obscure  any  structure  which  may  have  exist¬ 
ed  originally  in’  the  rock,  and  that  this  segregative  action  is  constantly 
in  progress.  It  has  already  been  stated  that  iron  has  been  dissolved  out 
of  the  laterite  and  redeposited  in  the  underlying  Iithomarge,  where  the 
latter  is  merely  an  altered  form  of  the  rock  beneath,  and  it  is  a  common 
circumstance  to  find  pisolitic  nodules  of  hydrated  iron  peroxide,  evidently 
due  to  segregation,  in  some  forms  of  laterite.  These  facts,  and  the  pro¬ 
cess  by  which  the  surfaces  of  the  rock,  and  of  the  tubes  by  which  it  is 
traversed,  become  coated  with  a  glaze  of  limonite,  render  it  evident  that  a 
transfer  of  iron  oxide  from  one  part  of  the  rock  to  another  is  continually 
going  on. 

One  view,  which  has  been  held  by  several  good  observers  and  has 
been  strongly  supported  by  Mr,  Foote's  examination  of  the  laterite  or 
iron  clay  in  the  southern  MarSthd  country,  is  that  the  high  level  laterite 
is  simply  the  result  of  the  alteration  in  situ  of  various  forms  of  rock,  and 
especially  of  basalt,  by  the  action  of  atmospheric  changes.  Many  of  the 
dolerites  of  the  Deccan  contain  iron  in  the  form  of  magnetite,  and  large 
quantities  of  magnetic  iron  sand  are  found  in  the  beds  of  streams  which 
flow  over  the  traps,  whilst  bands,  both  of  magnetite  and  haematite,  are  lo¬ 
cally  common  in  the  nietamorphic  rocks.  The  gradual  change  from  dole- 
ritic  trap  into  laterite  has  been  noticed  by  several  observers,1  and  so  far  as 
the  Deccan  alone  is  concerned,  the  evidence  in  favour  of  laterite  being 
merely  the  result  of  atmospheric  change  acting  upon  very  ferruginous  vol¬ 
canic  rocks,  appears  so  strong  that,  if  there  were  no  conflicting  phenome¬ 
na,  it  might  be  accepted  as  a  satisfactory  explanation.  At  the  same  time 
there  are  some  difficulties,  to  which  attention  was  first  called  by  Captain 

1  Voysey,  Jour.  As.  Soc.  XIX,  274,  (lSy>);  Foote,  Memoirs,  XII,  202,  (1870). 
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in  the  altered  rock.  Mr.  Foote  suggests1  that,  in  the  case  of  the  summit 
bed,  which  appears  to  rest  upon  the  highest  traps,  the  absence  of 
amvgdaloidal  structure  may  be  due,  in  the  first  place  to  the  lava  flow, 
having  been  of  a  peculiarly  dense  nature,2  and  secondly  to  the  fact  that, 
being  the  uppermost  flow,  the  water  which  percolated  it  did  not  contain 
silica  in  sufficient  quantity  to  form  silicious  nodules  in  the  vesicular 
hollow’s.  He  also  points  out  that  the  underlying  bed  into  which  the 
summit  bed  laterite  is  seen  to  graduate  in  several  sections,  is  a  very 
argillaceous  rock  without  vesicular  cavities  or  enclosed  minerals. 

One  conclusion  is  clear,  if  the  high  level  laterite  of  the  Deccan  has 
been  produced  by  the  alteration  in  situ  of  volcanic  rocks,  only  particular 
varieties  of  such  rocks  are  capable  of  undergoing  the  alteration.  If  all 
were  similarly  liable  to  be  converted  into  laterite  at  the  surface,  the 
occurrence  of  that  rock  would  be  more  general,  and  less  restricted  to 
particular  elevations.  The  great  difficulty  in  the  way  of  explaining  the 
origin  of  the  high  level  laterite,  so  widely  spread  in  Malwd  and  the  Deccan 
by  a  simple  process  of  atmo-pheric  alteration  is,  in  brief,  that  the  hypo¬ 
thesis  demands  the  occurrence,  over  an  enormous  area  of  country,  of  a 
volcanic  rock,  whether  a  tuff  ora  true  lava  flow  is  immaterial,  of  peculiar 
and  unusual  composition,  containing  a  much  larger  proportion  of  iron  than 
usual,  and  wanting  the  amygdaloidal  structure,  so  common  in  the  Deccan 
traps.  This  difficulty,  it  must  be  remembered,  is,  so  far,  only  a  reason  for 
caution  in  coming  to  a  conclusion,  and  does  not  show'  that  the  hypothesis  of 
alteration  in  situ  is  impossible. 

The  great  extension  of  the  laterite  beyond  the  trap  area  might 
be  explained  by  supposing  that  the  highest  volcanic  stratum  covered  a 
wider  surface  than  any  of  the  inferior  lava  flows,  but  this  theory  is  unten¬ 
able  in  some  -cases,  for  instance  in  that  of  the  Gauli  plateau,  south  of 
Belgaum,8  where  a  bed  of  laterite  at  a  lower  level  than  the  summit  bed 
was  traced  by  Mr.  Foote  on  both  sides  of  the  Mahaddyi  ravine,  passing 
into  the  underlying  trap  to  the  northward  and  into  metamorphic  rocks  to 
the  south,  as  is  represented  in  the  sketch  section  fig.  20,  given  on  the  fol¬ 
lowing  page.  In  this  case,  the  southern  portion  must  have  been  foimed  from 
gneissic  rocks  if  the  laterite  be  the  result  of  alteration  alone,  and  it 
is  difficult  to  understand  how'  two  rocks,  so  totally  dissimilar  in  constitution 
as  basalt  and  gneiss,  can  have  produced  precisely  the  same  rock,  bv  a 
simple  process  of  disintegration  in  situ. 

On  the  other  hand,  the  difficulties  in  the  way  of  supposing  the  high 
level  laterite  to  be  sedimentary  are  considerable.  The  idea  of  its  being 
a  marine  deposit  can  scarcely  be-  entertained,  ;ts  there  is  not  a  shadow  of 

1  Mtmoirs,  XII,  203,  (lS;6).  |  rare,  although  they  do  not,  ns  a  rule,  pres-rse 

3  Such  dense  beds  do  certainly  occur  in  the  their  mnweMeubir  character  over  huge  areas. 
Deccan  traps  indeed  they  cannot  be  said  to  be  3 lemuUs,  XU,  217,  (,18701. 
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evidence  in  nr.y  pari  of  India  to  render  it  probable  that 

the  whole  of  the  great,  trap  plateau  has  been  beneath 
the  sea  in  tertiary  limes.  It  is  inconceivable  that' 
(htviiit)Ie  deposits  should  be  so  enormously  extended,, 
Vet  so  thill.  One  objection,  which  at  the  first  glance 
appears  important,  is  apparent  rather  than- real.,  tt 
is  that  a  sedimentary  deposit  could  not  be. formed 
on  the  highest  portions  of  the  country,  because  there  ' 
could  bo  no  higher  land  in  the  neighbourhood  from 
which  the  sediment  might  be  derived,  whilst  the 
singularly  small  amount  of  disturbance  which  the 
Deccan  racks  have  undergone  renders  it  improbable 
that  any  great  relative  change  of  elevation  has  taken 
place.  But  it  must  be  remembered  that’  late  rite  is 
a  rock  which  resists  atmospheric  action  far  more  than- 
most  forms  of  doierit.ic  trao,  as  is  shown  by  the 
manner  in  which  bard  unaltered  caps  of.  late.nte 
rest  upon  softened  and  decomposing  basaltic  rocks. 
Consequently  those  portions  of  the  plateau  which 
were  originally  highest  may,  if  not  capped  by 
laterite,  have  disintegrated  more  rapidly  than  those 
protected  by  the  lateritic  formation,  until  the  latter 
remained,  forming  the  highest  ridges,  long  after- 
the  unprotected  portions  had  been  swept  away.  -  - 

The  evidence  afforded  by  the  laterite  outliers  in 
Bundelkhand1  is  distinctly  opposed  to  the  theory  of 
alteration  in  situ.  The  whole  group,  laterite  above 
underlaid  by  ferruginous  clay,  frequently  containing 
sand  and  pebbles,  is  found  indifferently  capping' the 
trap  and  Vindhyan  sandstones.  Now;  whatever  may  ' 
be  the  case  with  dolerite  and  gneissic  rocks,,  no . 
conceivable  process  of  alteration  could  convert  a 
purely  quartzose  rcick,  containing  a  mere  trace  of . 
iron,  like  the  Vindhyan  sandstone,  into  an  argillaceous 
one  with  20  percent,  of  iron  entering  into  its  com*.: 
position,  and  the  circumstance  that  the  lower  portion  .'  . 
of  the  lateritic  group  is  clearly  detrital,  proves  that  the 
laterite  is  not  an  altered  outlier  of  the  Deccan  trap;’ 


It  appears  almost  impossible  to  Separate  the  Bundelkhand  laterite. from 
the  high  level  laterite  of  the  Deccan,  Lithologically  and  stratigraphicaiiy 
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the  two  rocks  are  identical.  There  can  be  no  reasonable  doubt  that  the 
trap  once  occupied  the  surface  of  the  ground  now  Cut  out  into  valleys  by 
the  feeders  and  main  streams  of  the  Son,  Narbadd,  and  Mahanadf,  and 
that  Bundelldiand  and  Mdlwi  were  united  with  Mandld  and  Sarguja  into 
one  plateau  of  horizontal  trap  rocks.  If  this  be  conceded,  and  it 
appears  impossible  to  doubt  it,  the  caps  of  laterite  near  Sdgar  (Saugor), 
occupying  precisely  the  same  relative  position  as  those  at  Amarkantak 
and  the  Mdin  Pdt,  may  fairly  be  considered  part  of  the  same  bed,  and  the 
Rewd.  outliers,  which  are  probably  either  beyond  the  original  range  of 
the  trap,  or  else  on  ground  which  was  above  the  general  trap  level,  must 
be  referred  to  the  same  origin.  Now  the  Amarkantak  and  Sarguja 
laterites  are  not  merely  similar  in  every  respect  to  the  other  Deccan  high 
level  outcrops  of  the  rock,  but  they  appear  to  be  connected,  by  a  series  of 
small  caps  at  intervals,  with  the  typical  formation  of  the  southern  Mardthd. 
country.  There  may  be  a  break  in  the  chain,  as  the  distances  are  too  great 
for  any  safe  conclusions  to  be  formed,  and  all  that  can  be  done  is  to  indi¬ 
cate  the  probabilities, but  it  appears  to  be  a  fair  inference  that,  if  the 
Bundelkhand  laterite  is  of  detrital  origin,  the  rock  of  Amarkantak  and 
the  Deccan  is  the  same. 

The  laterite  of  the  Rdjmahdl  hills  is  separated  by  so  great  a  break 
from  that  of  Sarguja,  and  the  Rajmahdl  traps  are  in  all  probability  so  much 
older  than  those  of  the  Deccan,  that  it  is  impossible  to  say  whether  the 
Rijmahdl  laterite  is  of  the  same  age  as  that  of  central  and  western  India. 
Lithologically  it  is  identical,  and  like  the  Deccan  laterite  it  occurs,  in 
part  at  least,  at  a  considerable  elevation,  whilst  its  sedimentary  origin  has 
already  been  mentioned. 


On  the  west  coast  of  the  Peninsula  tve  have  a  careful  study  of  the  low- 
level  laterite  of  souih  Malabar  by  Mr.  P.  Lake.1  He  describes  two  distinct 
varieties,  the  first,  distinguished  as  vesicular  laterite,  is  characterised  by  nu* 
merous  vermicular  branching  and  anastomising  tubes  which,  in  the  portion 
of  the  rock  not  exposed  to  the  air,  are  filled  with  a  white  or  yellow  clay, 
containing  a  much  smaller  proportion  of  iron  and  a  larger  percentage  of 
potash  than  the  walls  of  the  tubes.  Away  from  the  surface,  as  the  rock 
becomes  less  affected  by  the  weather,  the  distinction  between  the  tube 
walls  and  their  contents  gradually  disappears,  till  what  was  laterite  above 
passes  into  clay  below.  The  laterite  is  thus  seen  to  be  the  result  of  a 
sort  of  superficial  concretionary  action,  the  iron  tending  to  segregate  in 
the  form  of  tubes  from  which  the  clayey  non-ferruginous  parts  arc  washed 
out,  leaving  the  resulting  laterite  with  a  higher  proportion  of  iron  than  the 
clay  from  which  it  was  formed. 

1  Memoirs,  XXIV,  217,  (1890). 


The  origin  of  (.he  pdioty  form  is  sufficiently  obvious  t  it  is  a  dptrita! 
rock  fo' mc<l  of  the  debris  of  the  vesicular  form,  which  is  regarded  ,bv  -Mr. 
Lake,  as  a  product  of  decomposition  in  situ  of.  the  gneiss.  The  gneiss. of 
Malabar,  consisting  principally  of  quartz,  felspar,  hornblende  .dr  mica,  and’ 
garnets,  weathers  readily  into  a  ferruginous  day.  If  exposed  to  the 
weather,  the  iron  segregates  ami  hardens  the  clay,  where  it  collects,  while 
the  rest,  deprived  of  ferruginous  cement,  is  loose  and  easily  washed  away. 
As  this  process  goes  on  the  gneiss  becomes  covered  with  a  cap  of  'laterite. 
gradually  increasing  in  thickness  til!  it  acts  as  a  protection  to  the  under¬ 
lying  gneiss  from  further  decomposition,  -  - 

There  can  be  no  doubt  that  the  vesicular  laterite  is,- in  part  at  least, 
formed  by  a  laterisation  of  the  decomposed  gneiss,  for  the  lamination  of 
the  gneiss  can  often  be  traced  ftito  the  laterite,  and  the  more  quartzose 
beds  stand  up  as  ribs  several  feet  into  the  laterite  which  has  replaced , 
the  more  felspathic  portions  on  -either  side.  '  . 

One  more  hypothesis  of  the  origin  of  laterite  requires  notice.  Mb.  F.  R' 
Mallet,  in  noticing  the  resemblance  of  certain  ferruginous  beds  with  under¬ 
lying  bole,  interstratified  with  the  volcanic  rocks  of  Ulster,1  to. the  laterite 
and  lithomarge  of  India,  suggests  that  the  laterite  is  of  lacustrine  origin'. 
During  the  decay  of  vegetable  matter  in  the  presence  of  tt;e  higher  oxides 
of  iron  oxygen  is  absorbed,  reducing  them  to  protoxide,  which  unites  with’ 
carbonic  acid,  a  product  of  the  decomposition  of  vegetation,  to  form  ferrous, 
carbonate,  soluble  in  water  containing;)!!  excess  of  carbonic  add.  When 
the  water  carrying  this  ferrous  carbonate  in  solution  -  is  exposed  to  the 
air  in  streams  or  lakes  it  absorbs  oxygen,  the  ferrous  carbonate  is  decom¬ 
posed  with  the  escape  of  carbonic  acid  and  a  re-oxidation  of  the  ferrous 
oxide  into  insoluble  ferric  oxide,  which  -  is  precipitated  wherever  the 
water  comes  to  rest  in  a  lake  or  marsh.  ■'  ..  ' 

On  this  hypothesis  the'  high  level  laterite  would  have  been  formed  in  . 
the  shallow  depressions  left  between  the  lava  flows  and  ash  heaps-  of.  the. 
.surface  of  the  land  at  the  close  of  the  Deccan  trap  period,  while  the  iow 
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level  Iaterite,  excluding  the  ferruginous  gravels,  would  have  been  formed 
in  the  depressions  on  the  plain  o(  marine  denudation  whose  surface  it  caps. 
As  already  explained,  the  resistance  which  Iaterite  offers  to  denudation 
would  be  sufficient  to  account  for  its  being  now  found  capping  the  hills, 
and  if  it  ■were  originally  formed  in  the  depressions  of  the  surface,  for  the 
complete  reversal  of  contour  is  an  indication  of  the  time  that  has  elapsed. 


From  what  has  gone  before  it  will  be  seen  that  the  subject  of  the  origin 
of  Iaterite  is  still  wrapt  in  obscurity.  None  of  the  various  hypotheses  that 
have  been  propounded  is  completely  satisfactory,  nor  is  it  possible  to  come 
to  any  final  conclusion  till  an  agreement  is  come  to  as  to  the  meaning  of 
the  word  Iaterite.  It  must  be  used  either  as  purely  a  lithological,  or  as 
a  chronological,  term,  not  indifferently  as  either,  but  as  the  word  was 
originally  intended  to  describe  a  peculiar  variety  of  rock,  irrespective  of 
its  age  or  origin,  for  which  too  a  fresh  name  would  have  to  be  adopted  if 
the  familiar  one  were  abandoned,  it  is  the  lithological  sense  of  the  word 
which  it  is  most  desirable  to  retain. 

Using  the  term  as  defined  by  its  proposer  for  a  vesicular,  highly  ferru¬ 
ginous,  clay,  soft  in  the  mass  but  readily  hardening  on  exposure  to  the 
weather,  it  seems  that  there  is  nothing  essentially  volcanic  in  the  rock. 
The  high  level  laterites  are.doubtless'derived,  directly  or  indirectly,  from 
the  debris  of  volcanic  rocks,  but  it  is  to  the  gneiss  and  granite  that  we  must 
look  for  the  ultimate  source  of  the  Iaterite  of  the  south  Konkan,  Travancore, 
and  Ceylon. 

According  to  some  geologists  this  Iaterite  is  in  reality  a  soil  and  formed 
by  the  direct  decomposition  in  situ  of  the  underlying  rock,  but)  some  doubt 
attaches  to  the  observations  on  which  this  conclusion  is  based,  as  the  ap¬ 
parent  transition  may  be  due  to  an  infiltration  of  iron  from  the  overlying 
Iaterite  and  a  conversion  of  the  decomposed  portion  of  the  underlying  rock, 
where  it  is  suitably  argillaceous,  into  Iaterite.  It  is  certain  that,  though 
laerite  appears  to  a  certain  extent  to  be  still  in  course  of  formation,  the 
bulk  of  the  rock  is  of  ancient  date,  for  it  is  now  found  on  the  summits  of 
steeply  scarped  trap  hills,  or  a  deeply  eroded  plain  of  marine  denudation, 
the  exceptions  being  for  the  most  part  those  cases  where  it  is  palpably  or 
probably  of  detrital  origin,  and  derived  from  pre-existing  Iaterite. 

There  are  two  difficulties  in  the  way  of  accepting  this  explanation 
without  modification.  The  first  is  the  large  proportion  of  iron  present  in 
Iaterite,  a  proportion  which  is  only  exceptionally  found  in  any  volcanic 
rock,  and  much  exceeds  that  present  in  any  of  the  gneissose  rocks,  apart 
from  certain  highly  ferruginous  bands.  Such  local  and  exceptional  accu¬ 
mulations  of  iron  are  not  sufficient  to  account  for  the  amount  present  in  the 
Iaterite  caps  far  removed  from  them,  nor  can  the  concentration  of  iron 
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caused  by  the  washing  away  of  t,ic  Iess  ferruginous  and  ■  consequently'  less 
coherent" portions,  account,  for  its  presence,  any  more  than  for  the  argil¬ 
laceous  nature  of  the  rock,  where  it  rests  on  sandstones  almost  devoid  of 
any  trace  of  clay  or  iron.  The  supposition  that  laterite  is  derived  from  the ' 
decomposition  of  a  specially  ferriferous  eruption,  marking  the  dose  of  the 
Deccan  trap  period,  is- insufficient  to  account  for  the  facts  even  within  the, 
Deccan  trap  area,  and  quite  fails  when  applied  to  the  remote  exposures, 
far  beyond  the  limits  of  the  area  within  which  the  influence, of  these  erup¬ 
tions  could  have  been  felt,  - 

One  objection  which  might  be  urged  to  the  hypothesis  of  the  origin  of 
laterite  by  the  decomposition  in  siin  of  volcanic  rock,  that  it  should  in  that 
case  be  found  interbedded  with  the  trap,  may  be  dismissed.  However', 
laterite  originated,  time  was  certainly  a  factor  in  its  formation,  and  the 
occurrence  of  beds  of  bole  suggests  that  the  same  causes  which  subse¬ 
quently  led  to  its  formation,  were  at  work  during  the  Deccan  trap  period,, 
but  that  the  rapid  succession  of  lava  flows  did  not  leave  them  time  to  pro¬ 
duce  the  full  effect  which  resulted  when  the  eruptions  had  ceased; 

The  second  difficulty  is  the  great  thickness  of  some  of  the  patches  of 
high  level  laterite,  which  seems  to  preclude  their  having  been  formed  as  a- 
soil,  by  the  segregation  of  the  oxide  of  iron  and  removal  of  the  less 
coherent  non-ferruginous  portions,  and  the  more  probable  explanation  is 
that  they  were  formed  in  lakes  or  marshy  holldws  by  the  deposition  of  oxide, 
of  iron  from  the  stagnant  waters,  mixed  more  or  less  with' fine  grained  ash 
and  decomposed  volcanic  debris.  The  laterite  of  the  lowlands  may  have 
been  similarly  formed  in  marshy  hollows,  left  on  the  surface  of  a  plain  of 
marine  denudation  after  its  elevation  above-  sea  level.  It  is  described 
as  a  thin,  fairly  uniform  layer  covering  the  undulations  of  this  plain,  but  in. 
Mr.  Lake's  description  of-  south  Malabar  there  are  said  to  be  gneiss  hills, 
or  islands,  rising  from  this  plain,  on  which  no  laterite  is  found,  and  if  the 
laterite  were  a  direct  product  of  decomposition  of  gneiss;  it  is  .difficult  to 
see  why  it  should  be  restricted  to  the  lowland  near  ,  the  coast,  which  was 
evidently  once  covered  by  the  sea.  ■ 

As  to  the  conditions  necessary  for  the  formation  of  laterite  little  can  be 
said,  Those  countries  where  it  has  been  supposed  to  be  still  in  process  of 
formation  are  characterised  for  the  most  part  by  a  warm,  moist,  climate,  and  - 
an  abundant  vegetation.  But  there  is  one  characteristic  of  all  the  laterite 
regions  that  appears  to  be  important ;  the  laterite  is  without  exception  only 
found  on  level  or  gently  undulating  surfaces,  if  we  ignore  the  irregulari¬ 
ties  produced  by  subsequent  denudation.  It  is  found  on  the  terrace  border¬ 
ing  the  sea  coast,  and  on  the  plateaux  capping  the  hills  further  inland,  but 
whenever  a  rock  which  could  pass  for  laterite  is  found,  on  the  intermediate 
slopes,  it  is  clearly  of  derivative  origin.  The  rounded  surfaces  of  the. 
gneiss  hills  of  Ceylon  and  Southern  India  are  often  covered  "to  .  £  great 
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situ  of  the  underlying  rock,  tin  y  may  both  he;  of  the  same  age,  put  if, 
as  seems  probable,  i he  formation  o)  the  laterite  was  anterior  fothc  exraVaA 
tion  of  fhc  valleys  which  now  jbnif  its  extent,  then. the  bw  level  laterite  is  , 
shown,  l)y  the  less  degree  of  dcmida’tion  that  has  takeii  .place  since  its  for-* 
motion,  to  be  newer  than  the  high  level.  •  On  any  hypothesis,-  except  the 
impossible  one  of  direct  volcanic  origin,  there  is  no  reason  why  the  pro¬ 
duction  of  laterite  should  be  restricted  to  any  particular  geological  age.,/ 
;nid  Mr.  Lake’s  observation  of  the  apparent  passage  of  gneiss  intajateriU: 
in  the  bottoms  of  sonic  of  the  valleys  of  south  Malabar,1  would  bring  the 
dale  of  origin  of  .some  part  of  the  laterite  down  to  a,  geologically,  very 
recent  period. 


The  foregoing  remarks  regarding  the  origin  of  laterite  refer  only  to’ 
what  may  be  called  the  non-delrital  foim,  in  the  sense  that  it  is  not  pals 
pably  formed  of  the  debris  of  pre-existing  rocks  of  a  similar  nature  ;  but  the 
bulk  of  what  has  generally  been  described  as  loiv  level  laiervic,  principally  ' 
along  the  east  coast,  is  evidently  of  clastic  origin,  and  is  often  merely  a  sub- 
recent  gravel  with  a  ferruginous  matrix.  Although,  as  has  been  explained,  , 
it  seems  advisable  to  use  the  term  laterite  in  a  purely  lithological  sense 
and  not  to  apply  it  to  such  rocks,  even  though  there  is  every  degree  of 
transition  between  the  two,  it  is  impossible  to  ignore  these  so  called  late- 
rites,  seeing  that  the  term  has  been  so  generally  used  in  the  past. 

Like  the  true  laterite  of  south  Malabar,  they  are  found  resting  on', 
what  appears  to  be  a  plain  of  marine  denudation,  and  the  enquiry. naturally 
arises  as  to  whether  the  low  level  laterite  is  a  marine  formation,.  A  priori 
it  would  appear  improbable  that  a  marine  formation  should  be'  deposited 
during  the  process  by  which  a  plain  of  marine  denudation  is  elevated 
above  the  sea.  On  the  other  hand,  tiie  frequent  occurrence  .  of  pebbles, 
often  of  large  size,  in  the  laterites  of  the  cast  coast-  appears  -due  to  the 
action  of  the  waves,  especially  where,  as  around  the  isolated  bills  in  Orissa, 
which  may  originally  have  been  islands,  a  mass  of  well  rounded  shingle, 
in  every  way  resembling  a  beach,  is  found  cemented  together  by  laterite. - 
'ihe  absence  of  marine  fossils  may  be  due  to  their  having  been'  obliterated 
by  the  forces  which  produced  the  peculiar  concretionary  structure  of  the, 
rock,  •  '  •  '  ■  ■  ’ 

There  are,  however,  two  circumstances  which  .  appear  to'  riiilitate' 
strongly  against  considering  the  laterite  a  marine  formation.  One- of  these 
is  its  remarkable  thinness,  which,  so  far  as  is  known,,  rarely  exceeds  20 
feet  along  the  east  coast,  and  the  other  is  the  -very  frequent  occurrence, 
in  the  Madras  country,  of  palaeolithic  implements  imbedded  in  the1  rock. 
Some  of  these  might  have  been  dropped  into  the  sea  from  canoe%.but 
(  Memoirs,  XXIV,  226,  (1890).  .  -  ■  , 
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it  is  incredible  that  the  men  who  used  the  stones  should  have  lost  them 
in  the  sea  in  such  numbers  as  would  account  for  their  present  abundance. 

On  the  whole,  it  appears  most  probable  that  the  low  level  laterite  is  a 
subaerial  deposit,  due,  however,  in  many  cases,  to  the  rearrangement  of 
inaiine  gravels  and  sands  by  rain  and  streams.  All  rain  and  stream 
action  would  tend  to  carry  away  the  lighter  sand  and  clay,  and  to  leave 
behind  the  heavy  iron  sand,  and  to  this  may  be  due  the  concentration  of 
the  ferruginous  element. 

The  presence  of  palaeolithic  human  implements  in  the  Madras  laterite 
proves  that  the  rock  is  of  post-tertiary  origin.  The  implements  1  found 
are  chiefly  of  quartzite,  and  have  evidently  been  fashioned  from  peb¬ 
bles,  derived  originally  from  the  rocks  of  the  Cuddapah  system. 

Despite  the  geologically  recent  origin  of  the  low  level  laterite,  the  con¬ 
siderable  amount  of  denudation  which  it  has  undergone  shows  that  it  is, 
in  part  at  least,  a  formation  of  ancient  date,  counting  by  years.  It  has 
already  been  mentioned  that,  on  the  west  coast  the  plateau  near  the  sea 
has  been  cut  through  by  streams  to  a  great  depth,  and  the  underlying  trap 
exposed,  and  that  farther  inland,  at  a  higher  level,  only  a  few  caps  of  the 
low  level  laterite  remain.  On  the  eastern  coast,  which,  owing  to  the  large 
amount  of  deposits  brought  down  by  rivers,  is  protected  from  the  action  of 
the  sea,  the  laterite  has  undergone  less  denudation,  in  consequence  of  its 
being  frequently  covered  by  later  alluvial  deposits,  but  still  it  has  been 
removed  by  atmospheric  action  over  large  areas  away  from  the  coast.  It  is 
probable  that  the  land  rose  very  slowly  from  the  sea,  the'  laterite  forming 
on  the  raised  slope  pari  passu  with  (he  elevation,  and  that,  consequently, 
the  farther  inland  the  rock  the  older  its  date,  and  the  longer  the  period 
during  which  it  has  undergone  denudation  from  atmospheric  agencies. 
But  the  deep  ravines  cut  by  the  streams  close  to  the  western  coast,  near 
Ratndgiri,  mark  the  lapse  of  a  considerable  period  of  time  since  the  low 
level  laterite  was  first  consolidated,  and  a  curious  piece  of -evidence  of  the 
same  kind  has  been  recorded  by  Mr.  Foote 8  in  the  neighbourhood  of 
Madras. 

Between  two  villages  called  Amerumbode  and  Maderapaucum,  east  of 
Sattavedu,  and  about  30  miles  north-west  by  north  of  Madras,  are  some 
stone  circles,  made  of  blocks  of  the  laterite,  in  which  palaeolithic  imple¬ 
ments  are  found  in  abundance  in  the  immediate  neighbourhood.  The 
stone  circles  are  known  in  the  country  as  Karambar  rings,  and  precisely 
similar  rings  of  stone  are  found  in  many  parts  of  India,  associated  with 
various  other  rude  stone  buildings  such,  as  kistvaens  and  cromlechs. 
That  these  stone  circles  are  of  much  later  date  than  the  palaeolithic 

•  R.B. Foote,  Mad.  Jour.  Lit.  Sci.,  Oct.  1866, 1  Soc.,  XX1V.484,  (1868). 

3rd  series,  Pt.  2,  p.  1 ;  also  Quart.  Jour.  Goal.  I  2  Memoirs,  X,  47,  (1873). 
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pleistocene  and  recent  deposits. 

{Exclusive  of  the  Indo-Gangetic  alluvium .) 

Peninsular  Area — Extent,  and  distinction  from  tertiary  beds — Various  forms  of  posttertiary 
deposits— Cuddalore  sandstone— Warkalli  beds— Cave  deposits-  Older  alluvium  of  the 
Narbada,  Tipti,  Goddvari  and  Kistna—  Newer  alluvium  of  the  east  coast— Smooth  water 

anchorages  and  recent  deposits  of  the  west  coast — Lake  deposits— Begur,  or  cotton  soil _ 

Blonw  sand  -Extra-PeninSular  Area— Mills  west  of  the  Indus— North-West  Punjab— 
the  Him&i&yas—  Eastern  frontier — Alluvium  of  fche  Ira  wadi. 

The  posttertiary  (postpliocene,  pleistocene  or  quaternary)  and  recent 
formations  of  India  occupy  an  immense  area.  They  form  the  wide  plains  of 
the  Indus,  Ganges,  and  Brahmaputra,  and  cover  large  tracts  of  country 
south  of  the  Gangetie  and  east  of  the  Indus  plain.  No  older  formation  is 
exposed  throughout  the  greater  portion  of  the  belt  of  alluvial  lowland 
fringing  the  eastern  coast  of  the  Peninsula,  and  subrecent  accumulations 
occupy  a  large  area  in  Gujardt  and  in  some  Other  districts,  near  the  western 
coast.  Large  deposits  in  the  valleys  of  the  peninsular  rivers  and  upon  the 
fertile  plains  of  the  interior  are  also  of  recent  or  subrecent  origin.  The 
most  important  and  extensive  of  these  forms  the  great  Indo-Gangetic  plain, 
and,  as  the  extent  and  variety  of  the  recent  and  subrecent  deposits  render 
it  impossible  to  treat  of  them  all  in  a  single  chapter,  its  description,  with 
all  the  important  and  interesting  questions  it  raises,  will  be  deferred  for 
the  present 

It  is  very  difficult  to  draw  a  clear  and  distinct  line  between  tertiary 
and  posttertiary  formations  in  India.  The  limit  of  the  two  in  Europe 
coincides  with  the  glacial  epoch,  hut  as  no  physical  trace  of  this  cold 
period  has  been  detected  in  peninsular  India,  the  distinction  between  the 
pliocene  tertiary  formations  and  the  postpliocene  beds  is  there  less  easily 
defined.  Practically,  no  difficulty  has  hitherto  arisen,  because  the 
tertiary  beds  of  the  Peninsula  are  comparatively  unimportant,  and  those 
which  occur  belong  to  the  older  or  middle  tertiaries,  and  not  to  the 
newer  beds,  so  that  there  is  a  marked  break  between  the  tertiary  and 
posttertiary  deposits  ;  but  in  the  extra-peninsular  area,  where  the  upper¬ 
most  tertiary  deposits  are  largely  developed,  it  is  often  extremely 
difficult  to  say  where  the  line  should  be  drawn. 
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In  dealing  »vil.h  the  recent  and  sttbre.eent  deposits  of  'India  it  is-iin  pos¬ 
sible  lo  observe  a  strictly  chronological  order,  and  it  is  necessary  to  classify 
them  more  or  less  according  to  their  nature.  In  the  rase  of  those  in 
peninsular  India  the  follo”;ing  classification  will  be  followed,  the  odor1' 
being  roughly,  i bough  not  strictly,  that  of  their  date  of  origin  : — 

1.  Subrecent  or  doubtfully  tertiary  deposits  of  the  coastal  region.  -  ' 

2.  Cave  deposits. 

3.  Older  alluvial  deposits.  ,  ■  .  [  ■  '  - 

4.  Newer  alluvia)  deposits  of  the  river,  valleys  and  deltas. 

5.  Raised,  littoral  accumulations  of  sand,  shells,  tic.  •  . 

7.  Blown  sand. 

Along- the  eastern  coast  cf  the  Peninsula,  from  the  neighbourhood  of  . 
Rdjdmahendri  to  the  Tineveili  district,  a  peculiar  formation,  consisting 
chiefly  of  sandstones  and  grits,  is  found  underlying  the  laterifeand  asso¬ 
ciated  gravels  which  form  a  low  slope  on  the  edge  of  the  east  coast' 
alluvium.  This  sandstone  formation  has  received  several  local  names,  but 
is  now  generally  known  as  the  Cuddalore  sandstones,1  from  being  well 
developed  in  the  neighbourhood  of  the  civil  station  of  Cuddalore.  about 
100  miles  south  of  Madras. 

The  greater  portion  of  the  Cuddalore  group,  throughout  the  area  in  - 
which  it  is  found,  consists  of  gritty  and  sandy  beds,  sometimes  highly 
ferruginous,  and  coloured  of  various  tints,  of  yellow,  brown,  red,  and 
purple,  sometimes  white  or  pale  coloured,  and  not  infrequently  mottled-  - 
In  some  cases  the  rock  is  argillaceous,  and  Occasionally  thin  hands 'of 
clays  or  shales  are  inlerstratified.  The  beds  are  soft,  loose  textured  and,  as 
a  rule,  ill  consolidated,  being  rarely  sufficiently  compact  to  be  used  as- 
building  stone.  Bands  of  conglomerate  have  been  found.-  , 

As  already  stated,  these  beds  have  been  traced  throughout  a  large 
portion  of  the  east  coast.  Their  most  northerly  extension  known  is  ‘ 
between  Vizagapatam  and  Ripimahendri,,  The  coast  north  of  Vizagapa- 
tam,  as  far  as  the  Chilkd  lake,  has  not  been  examined  geologically,  and 
throughout  Orissa  no  outcrops  of  the  Cuddalore  beds  have  been  detected, 
but  there  is  a  possibility  that  they  may  be  represented  by  sdme  clays  and 
sandy  beds  associated  with  the  laterite  of  Midnapur.3  There  is  rather 
more  probability  that  certain  sandstones,  grits  and  clays,  which  occur  east 
of  Riniganj,  and  extend  northwards  as  far  as  Surf  in  Bfrbhum,  belong  to 
the  same  group  as  the  Cuddalore  sandstones  of  Madras.  ■  '  - 

From  the  neighbourhood  of  Rdjamabendri  the  Cuddalore.  beds  have 
been  mapped  at  intervals  along  the  coast  for  fully  600  .miles  to  the 

1  For  further  information  see  more  pnrticu-  |  Foote,  Memoirs,  X,  59,  (1S73)  and  XX,  35, 
Sariy,  H.  F.  Blanford,  Memoirs,  IV.  J6S,  (1863);  j  {1883). 

King  and  Foote,  Memoirs,  IV ,  2$G,  (x8&y3  |  *  Memoirs,  t,  268,  (1839)!  ~  ’  ;  ;  V 
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southward.  1  hey  usually  form  a  low  slope,  dipping  at  a  very  slight  an<rie  to 
the  eastward,  in  the  direction  of  the  sea,  and  are,  as  a  rule,  much  covered 
and  concealed  by  the  deposits  associated  with  the  low  level  laterite  of  the 
east  coast.  To  the  westward  they  rest  indifferently,  but  always  unconform- 
ably,  upon  rocks  of  various  ages, — metamorphic,  jurassic  or  cretaceous, — 
and  they  often  terminate  in  this  direction  in  a  low  scarp.  To  the  eastward 
they  disappear  in  places,  with  their  capping  of  laterite,  beneath  the  alluvium 
of  the. coast,  but  they  quite  as  often,  especially  to  the  southward,  terminate 
in  a  small  cliff.  Their  outcrop  is  repeatedly  interrupted  by  the  broad  alluvial 
valleys  of  rivers,  and  in  some  places,  as  for  nearly  ioo  miles  south  of 
Madras,  they  appear  to  be  wanting  altogether,  whilst  in  other  parts  of  the 
country  they  form  a  broad  tract,  usually  sandy  and  infertile,  raised  above 
the  general  level,  occasionally  no  less  than  25  miles  wide  from  east  to  west 
as  near  Cuddalore,  but  generally  much  less. 

From  the  paucity  of  sections  and  the  extent  to  which  the  Cuddalore 
sandstones  are  concealed  by  laterite  and  sandy  sod,  their  absolute  thick¬ 
ness  can  nowhere  be  estimated  with  accuracy.  The  scarp  in  which  they 
terminate  to  the  westward  is  sometimes  as  much  as  100  feet  high  and 
they  must  be  somewhat  thicker  than  this,  but  it  is  doubtful  if  they  attain 
any  considerable  thickness.  •  They  are  perfectly  undisturbed,  and  have  all 
the  appearance  of  being  a  comparatively  late  formation. 

The  only  fossils  found  in  the  Cuddalore  beds  consist  of  exogenous  sili- 
cified  fossil  wood,  some  of  which  is  coniferous  and  has  been  described 
under  the  name  cf  Pence  schmidiana.1  The  genus  Pence  is  not  acknow¬ 
ledged  by  all  palaeobotanists,  and  it  appears  too  ill  defined  to  justify  any 
conclusions  as  to  the  age  of  the  rocks  being  founded  upon  its  occurrence. 

This  silicified  wood  is  especially  abundant  at  Tiruvakarai(Trivicary'’,  about 
fourteen  miles  west  north-west  of  Pondicherri,  whence  the  name  of  Trivicary 
grits  has  been  applied  by  some  writers  to  the  local  development  of  the  Cudda¬ 
lore  sandstones.  The  trunks  of  trees  occurring  at  this  place  are  of  large 
size,  one  having  been  found  as  much  as  100  feet  in  length,  while  stems  15 
to  20  feet  long  aud  5  to  6  feet  in  girth  are  not  uncommon.  They  occur 
prostrate,  imbedded  in  ferruginous  grit. 

'1  he  age  and  mode  of  origin  of  the  Cuddalore  sandstones  are  obscure, 
as  but  little  importance  can  be  attached  to  the  identification  of  one  generic 
form  of  coniferous  wood.  They  are  quite  unconformable  to  the  cretaceous 
beds,  which  they  overlap  in  a  most  irregular  manner,  as  near  Pondicherri, 
where  they  rest  on  beds  of  the  Arhalur  group,  forming  the  plateau 
near  the  town,  known  as  the  Red  bills  ;  six  miles  further’ westward,  and 
west  of  the  belt  of  cretaceous  rocks,  they  arc  seen  resting  on  Utatur  hods 
near  Tiruvakarai,  whilst  a  few  miles  further  west  they  completely  overlap 

!  Schmid  u.  Schieiden:  Ueber  die  Natur  der  Kicalholzer.  Jens,  1S55.  i»n.  36. 
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fhi;  'T/;(a<  ('uus  bods  mid  rest  on  gne iss,  Fragments’  derived  from  > 
i he  cretaceous  beds  and  containing  cretaceous  fossils  have  been . found 
near  Trmjore,  Near  Hajtbimbendn  the  Cuddaiore  sandstones  overlie  the 
Meccan  trap,  the  jurassie  .rocks  and  the  gneiss.  It  is  safe,  therefore,  to,- 
conclude  that  the  sandstones  cannot  be  eider  than  upper  tertiary,  And, 
tin- discovery  by  Mr.  Foofe,  in  the  Tinneveiii  district,  of  subrecent  marine, 
beds,  containing  only  living  species  of  nsollusca,  associated  with  grits  which, 
he  believed  to  represent  the  Cuddaiore  beds,1  appears  to  show  that  an  ' 
"veu  later  date  should  he  ascribed  to  them. 

The  origin  of  these  rocks  is  as  obscure  as  their  date.  Occurring  as1 
they  do,  parallel  with  the  coast,  it  is  natural  to  suppose  that  they  arc  of 
marine  origin  and  have  been  formed  near ’the  shore,  when  -the  general 
contour  of  the  coast  was  the  same  es  it  now  is,  though- the  level  of . t bo- 
land  was  somewhat  lower.  But  the  complete  absence,  in  inr  as  is  known, 
of  all  marine  remains  is  not  easy  to  explain.  Coarse  sandf-toiifi-s  and  grits 
arc-  usual lv  unfos.siliferous,  but  in  beds  which  have  undergone  so  little 
change  some  casts  of  shells,  at  least,  would,  probably  be  found  m  the  more 
argillaceous  strata,  if  they  were  of  marine  origin.  At  the  same  time  it  is 
difficult  to  suppose  that  the  western  coast  of  the1  Bay  of  Bengal  can 
have  formed  part  of  a  river  valley  in  tertiary  times,  and  if.  -is  equally  im¬ 
probable  that  stratified  grits,  sandstones  and  conglomerates,  like  those  of 
the  Cuddaiore  beds,  can  be  a  form  of  subacriai  wash. 

On  the  west  coast  of  the  Peninsula  a  series  of  clays  and  sandy  days  with 
lignite  beds  near  their  base,  known  as  the  Warkalli  beds,  are  found  for 
■about  twenty  miles  along  the  Travaneore  coast,  from  about  three  miles  north  ... 
of  Quilon  to  the  same  distance  south  of  Warkalli,  and  have  been  suppose*. 
to  represent  the  Cuddaiore  sandstones  of  the  east  coast.  Some  doubt  may 
be  expressed  as  to  the  correctness  of  this  correlation/  for'  the,  WarkaHi 
beds  are  said  to  attain  a  thickness  of  200  feet,  double  the  greatest  recorded 
thickness  of  their  supposed  representatives  on  the  east  coast,  and  their 
upper  surface  is  said  to  be  formed  by  the  same  plain  of  .marine  denu¬ 
dation  which  cuts  the  gneiss  further  inland,8  pointing  to  an  older  date  thao  ■ 
that  of  the  Cuddaiore  beds.  The  Warkalli  beds  are  said  to  be  -underlaid  . 
by  the  limestones  containing  eocene  fossils,  which  have  been  referred  to  in  a 
previous  chapter,  but  though  there  is  no  reason  to  doubt  the  presence  of  • 
these  eocene  limestones,  they  have  not  been  examined  in  situ,  by  a 
competent  geologist,  and  we  have -no  information  at  present  as  to  whether 
or  not  they  are  conformable  to  the  overlying  beds.  J£  so,  it  would  point 
10  a  greater  antiquity  for  the  Warkalli  beds  than  there  seems  to  be  any' 
■'ft rid  ground  for  ascribing  to  the  Cuddaiore  sandstones. 

Afc^'w-  c  XX.  45  H-Sj'*.  |  1  vY\  K?r'?,  XV,  92  (*882), 
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On  the  coast  of  Kdthidwdr  a  subrecent  marine  limestone,  largely  used 
as  a  building  stone  in  Bombay,  is  found.  It  is  commonly  known  as  Porebandar 
stone  from  the  name  of  the  port  whence  it  is  shipped  or,  using  the  name 
proposed  by  Dr.  Carter,  miliolite.  The  typical  miliolite  is  a  finely  oolitic 
freestone,  largely  composed  of  foraminifera,  which  form  the  nuclei  of  the 
oolitic  grains,  but  near  the  sea  coast  the  limestone  is  not  infrequently 
mixed  with  a  large  proportion  of  sand.  In  the  eastern  part  of  Kdthidwar 
these  beds  are  only  found  neat  the  coast ;  further  west,  however,  they  form 
the  whole  surface  mapped  as  recent,  and  extend  on  to  the  tertiary  rocks  and 
the  Deccan  trap.  They  attain  a  maximum  thickness  of  about  ioo  feet, 
are  extensively  false-bedded  in  thin  layers,  and,  though  clearly  a  marine 
deposit  land  shells,  which  were  doubtless  washed  down  by  small  streams 
or  floods,  have  been  found  in  some  of  the  more  impure  beds.1 


There  is  only  one  locality  in  the  Indian  Peninsula  where  mammali- 
ferous  cave  deposits  have  been  detected.  This  is  at  a  place  called  Billa 
Surgam,  a  few  miles  north  of  Banaganpalli  in  the  Karnul  district.  The 
caves  are  in  the  limestone  belonging  to  the  Karnul  series,  and  situated 
at  a  higher  level  than  the  beds  of  the  present  drainage,  their  floor  is  in- 
crusted  with  stalagmite,  beneath  which  red  marl,  full  of  bones  of  animals, 
large  and  small,  is  found.  These  caves  were  first  discovered  by  Captain 
Newbold,  whose  collections  were,  however,  never  described,  nor  can  the 
specimens  noiv  be  found.  More  recently  they  have  Teen  explored  by 
the  Geological  Survey,  and  the  collection  of  bones,  some  of  which  exhibit 
traces  of  having  been  shaped  by  man,  described  by  Mr.  Lydekker.  The 
fauna,  besides  many  living  forms,  contains  five  species,  Viverra  karnu- 
liensis,  Hystrix  crassidens ,  Atherura  karnuliensis,  Rhinoceros  karnu- 
iiensis,  and  Sus  karnuliensis,  which  are  extinct,  though  closely  allied  to 
living  forms.  But  the  most  interesting  feature  is  the  occurrence  of  four 
types  identical  with,  or  closely  allied  to,  living  African  forms;  these 
are  Cynecephalus,  sp.,  Equus  asinus,  Hyaena  crocuta,  and  Manis  cf. 
gi garde  a?' 


The  older  alluvial  deposits  are  well  represented  in  the  valleys  of  the 
Peninsula.  Leaving  the  deposits  of  the  Indo-Gangetic  plain  for  separate 
description,  the  various  older  alluvial  deposits  of  the  peninsular  rivers 

1  your.  Bo.  Br.  Roy.  As.  Soc.  V.  313,  (1857); 

Geological  papers  on  Western  India,  Bom 
bay,  1857,  p.  736;  Memoirs,  XXf,  126 

U884). 

3  For  further  details,  see  T.  J.  Newbold: 


your.  As.  Soc.  Beng.,  XIII,  6ro,  (1844) ;  R.  B. 
Foote,  Records,  XVII,  27,  200,  (1884)  ;  XVIII, 
227,(1885);  R.  Lydekker,  Records,  XIX,  120, 
(1886);  Pal .  Indica ,  series  x,  IV,  pt,  2, 
(1 88 6). 
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deserve  notice,  both  on  account  of  the  area  they  Occupy,  and  of  the  organic 
remains  they  have  yielded.  The  livers  of  the  Peninsula  may  be  divided 
into  two  main  groups  ;  the  first  comprises  the  Narbadd  and  Tdpti,  which 
flow  westward  and  drain  the  central  portion  of  the  Peninsula;  the  second' 
includes  the  Mahdnadi  uoddvari,  Kistna,  Penner,  Cauvery,  and  several 
minor  streams  which  flow  eastwards  info  the  Bay  of  Bengal. 

In  the  first  named  of  the  two  groups  one  striking  peculiarity  is 
noticeable.  Extensive  alluvial  plains,  composed  of  clays  and  gravels,, 
exist  in  the  valleys  of  the  Narbadd  and  Tdpti.  In  the  Narbadd  valley 
the  principal  plain  extends  from  a  little  east  of  Jabalpur  to  Har<M,.a.  dis¬ 
tance  of  more  than  200  miles,  and  varies  in  breadth  from  1 2  miles  to  - 
35.  There  is  a  smaller  plain  further  down  the  river,  extending  for  about 
80  miles  from  Bdnvai  to  the  Harm  Pal  south  of  Bagh,  but  it  is  compara¬ 
tively  ill  marked,  the  alluvial  deposits  are,  so  far  as  is  known,  much  less 
deep,  and  no  mammalian  remains  have  been  found.  In  the  Tapti  valley 
there  is  a  large  plain  in  Khdndesli,  extending  east  and  west  for 
about  150  miles,  and  terminating  to  the  eastward  close  to  Burbanpur. 
This  olain  lies  chiefly  to  the  north  of  the  river,  and  is  probably  in  places 
as  much  as  30  miles  wide,  but  its  limits  have  not  been  accurately  deter¬ 
mined.  It  appears  to  be  connected  by  a  narrow  alluvial  belt  to  the  south¬ 
east  with  the  plain  of  the  Purna,1  a  tributary  of  the  Tapti,  draining  a  great 
portion  of  Berar.  The  Purna  plain  is  at  a  higher  level  than  Khandesh 
and  is  about  too  miles  long,  and  in  places  40  miles  broad,  its  eastern  .ex¬ 
tremity  being  near  Amrdoti,  so  that  the  whole  length  of  the  .combined 
Tdpti  and  Purna  plains  is  about  240  miles.  The  Tdpti  and  both  .the 
Narbadi  plains  are  dosed  on  the  west  by  rocky  and  hilly  country,  through 
which  the  river  has  cut  a  channel  with  a  rapid  descent,  and  in  the  case  of, 
the  Narbada,  as  will  be  explained  presently,  it  is  ascertained  that  the  allu¬ 
vial  deposits  of  the  upper  basin  extend  to  a  considerably  depth  bene.ath 
the  level  of  the  river  bed  at  the  point  of  exit,  so  that  the  plain  lies  in  a 
great  rock  basin.  ‘  . 

In  the  valleys  of  the  eastward  flowing  rivers,  such  as  the  Goddvari, 
Kistna  and  Cauvery,  there  are  no  such  broad  and  well  defined  alluvial 
plains  as  in  the  drainage  areas  of  the  Tapti  and  Narbadd.  ‘There, are 
numerous  extensive  alluvial  flats  in  many  places,  but  they  are  far  inferior 
in  extent  to  the  Narbadd  and  Tdpti  plains,  and  they  appear  to  be  chiefly' 
due  to  the  river  having  worn  a  broad  valley  through  soft,  or  easily,  disin¬ 
tegrated  rocks.  This  is  especially  the  case  on  the  Goddvari  and  its  tribu- , 
taries,  the  alluvial  portions  of  the  river  valley-  being  in  the  Gondwana- 
rocks,  or  eke  in  the  Deccan  traps,  whilst  the  river  traverses  rocky  gorges; 
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through  the  metamorphic  rocks  forming  the  various  barriers,  at  the 
places  where  the  valley  leaves  the  softer  formations.  On  the  Narbadd  and 
Tdpti  it  is  otherwise,  the  rocks  underlying  the  alluvial  areas,  so  far  as 
is  known,  are  of  the  same  kind  as  those  cut  through  by  the  rivers  at 
their  exit  from  the  plains.  It  is  not  improbable  that  the  formation  of 
these  well  defined  plains  in  the  NarbadA  and  Tdpti  valleys,  and  the  ab¬ 
sence  of  similar  flats  on  the  Godavari  and  Kistna,  may  be  due  to  the  rise 
of  the  Indian  Peninsula  in  posttertiary  times  having  been,  as  already 
suggested,  greater  or  more  rapid  to  the  westward  than  to  the  eastward. 


Partly  in  consequence  of  mammalian  bones  having  been  discovered  in 
considerable  quantities,  and  partly  because  the  geology  of  the  neighbour¬ 
ing  country  is  of  so  much  interest  and  variety  as  to  have  attracted  the 
notice  of  many  geologists,  the  alluvial  deposits  of  the  NarbadA  valley  have 
received  far  more  attention  than  similar  formations  on  the  banks  of  the 
other  Indian  rivers.1  The  great  plain  already  mentioned  as  extending 
from  Jabalpur  to  Hard£  is  chiefly  composed  of  a  stiff,  reddish,  brownish 
or  yellowish  clay,  with  numerous  bands  of  sand  and  gravel  intercalated. 
Kankar  abounds  throughout  the  deposit,  and  pisolitic  iron  granules  are 
of  frequent  occurrence  in  the  argillaceous  beds.  Occasionally  pebbles  and 
sand  are  found  cemented  together  by  carbonate  of  lime,  so  as  to  form  a 
hard  compact  conglomerate.  This  rock  is  especially  developed  at  the  base 
of  the  alluvial  deposits,  and  is  often  found  forming  a  coating  to  the  under¬ 
lying  rock,  not  only  in  the '  Narbada  but  in  many  other  river  valleys. 
The  clay  is  frequently  quite  devoid  of  stratification,  but  it  appears  never 
to  attain  any  great  thickness  without  sandy  layers  intervening.  The  river, 
in  many  places,  cuts  through  the  clays,  sands,  and  gravels  to  the  under¬ 
lying  rock,  usually  belonging  to  the  transition  series,  and  the  section  of 
old  alluvial  deposits  on  the  banks  of  the  stream  never  greatly  exceeds  100 
feet  in  depth,  this  being  about  the  usual  difference  in  elevation  between 
the  bed  of  the  Narbadd  and  the  general  surface  of  the  alluvial  plain  in  the 
neighbourhood  of  the  river.  But  in  a  boring  which  was  made  at  Sukakheri, 
north  of  Mohpdni  and  south  of  the  Gadavvdrd  station  on  the  Great  Indian 
Peninsula  Railway,  a  depth  of  491  feet  was  attained,  without  the  base  of 
the  alluvial  deposits  being  reached  ;  another  bore-hole  was  made  through 
alluvial  beds  close  to  Gsvdawdrd  station  to  a  depth  of  251  feet.  Through¬ 
out  the  thickness  of  nearly  500  feet,  no  change  of  importance  was 
detected  in  the  alluvial  formations.  By  far  the  greater  portion  of  the 
beds  traversed  consisted  of  clay  with  calcareous  and  ferruginous  grains, 
sand  and  pebbles  being  found  occasionally  throughout.  The  bottom 

1  For  description  ot  the  Narbada  alluvial  I  VI,  227,  (tStSy)  ;  lscc,<nts,  VI,  <,  1 S 7 j: ) ; 

deposits  see  JUtmoirs,  II,  279,  (ifc&o) ;  I  Vlll,  66,  (1875). 
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of  the  horn-hole  was  in  Merilic  gravel,  attd  it  is  possible  that  rock  was  not 
far  distant.  '  ’ 

'llie  evidence  thus  obtained  of  the  depth  to  which  the  alluvial  deposits 
of  the  NarbadA  valley  extend  proves  that  they  fill  a  rock  basin,  for  the  bed 
of  the  NarbadA  river,  at  the  point  where  it  leaves  the  alluvial  plain  near 
HnndiA  and  commences  to  run  through  the  rocky  channel  which  extends  to 
BAtwai,  is  not  more  than  200  feet  below  the  level  of  the  surface  at  GAda- 
w.lrd  and  Sukakheri,  and  the  valley  is  surrounded  by  higher  rocky  ground 
in  every  other  direction.  A  slight  prolongation  of  the  alluvial  basin  to  the 
south-west  in  the  direction  of  HardA,  the  prevalence  of  .alluvium  in  parts 
of  NiroAr,  and  the  circumstance  that  there  is  a  great  break  by  which  the 
railway  traverses  the  SAtpura  range,  immediately  east  of  Asirgarh,  may 
indicate  that  the  upper  Narbada  formerly  joined  the  TApti  in  KMndesh,1, 
and  that  the  lower  part  of  the  valley  of  the  former  river,  as'  it’  now  exists, 
is  due  to  changes  of  level  in  the  later  posttertiary  period. 

The  surface  of  the  NarbadA  alluvium  is  undulating,  and  evidently 
denuded  by  the  action  of  rain  and  streams.  There  is  a  slight  slope  of  the 
surface  to  the  westward  throughout  the  plain,  the  elevation  of  the  railway 
station  at  Hard  A,  at  the  western  extremity  of  the  alluvial  tract,  being  947  ‘ 
feet  above  the  sea,  whilst  Sohagpur  station  is  1,103  feefj  Narsihghpur 
1,185,  and  Jabalpur,  which  is,  however,  on  rock  a  little  above  the 
plain  1,352.  The  fall  of  the  surface  in  200  miles  is  probably  about  300 
feet.  -  -  . 

Different  views  have  been  put  forward  as  to  the. marine,  lacustrine,, 
or  lluviatile  origin  of  the  NarbadA  alluvial  deposits,  but,  before  considering 
these,  it  will  be  well  to  give  a  list  of  the  organic  remains  hitherto  identified. 
They  consist  of  bones  and  shells,  and  the  following  species  hav.e  been 
determined  : — 

VERTEBRATAT 

Mammalia, — contd. 

I  Rhinoceros  unicornis. 

!  Blcphas  niimetdicns. 
j  t  „  insignis. 

1  f  .  „  ganesa.  .  “  -  . 

Reptima—  •  ■  •’  -  • 

Pangshurst  flanivcniris. 

Balagur,  cf.  dhongoMa,- 
Trionyx ,  cf.  gangstius, 

Crocodilus,  sp.  •  '  -  ;  •  .  . 


1  The  greatest  elevation  on  the  G.  I.  P.  1  Narbada.  •  ,  ' 

R.-ihvay  between  the  Narbndd  and  Tipti  I  8  Lydekker,  Pal,  Indies,  series  X,  lit, 
val  ley,  is  1,245  feet  above  the  sea,  or  only  300  !  (1884-86),  The  species  marked  with  a  dagger 
feet  above  Hardd  in  the  alluvial  plain  of  the  j  are  found  also  in  the  SiwAKks,  . 
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Gasteropoda— 

Melania  tubercnlata. 
Paludina  bengalensis. 

„  dissimilis. 

*  Bythinia  cerameopoma. 

*  tt  pulchella. 
Bulimus  insularis. 

*  Lymnea  acuminata. 


Planorbis  exustus. 

La  M  E  L  LI  B  RA  N  C II IATA— 

Unio  conugatusl  var. 
indicus. 

„  sp.  near  U.  shurtleffiaiws. 
„  margin  a  Us. 

i  Corbicula,  sp.  near  C.  striaiella. 


The  only  trace  of  man  hitherto  found  in  these  deposits  consists  of  g 
chipped  stone  scraper  or  hatchet  discovered  by  Mr,  Hacket  in  situ  near 
the  village  of  Bhutra,  eight  miles  north  of  Gddavvdrd,2  The  material  is  Vin- 
dhyan  quartzite,  and  the  form  similar  to  that  of  some  of  the  implements 
fo  und  inthe  lateritic  deposits  of  Southern  India,  and  in  the  postpliocene 
formations  of  Europe. 

The  only  form  identical  with  existing  Indian  species  is  Rhinoceros 
unicornis ,  originally  described  under  the  name  R.  namadicus,  but  accord- 
ing_to  Mr.  Lydekker  the  bones  are  not  distinguishable  from  those  of  the 
living  species.5  Elephas  namadicus  is  allied  to  the  existing  Indian  ele¬ 
phant,  Bubalus palseindicus  is  very  close  to  the  living  Indian  wild  buffalo.* 
and  the  deer  is  a  near  relation  to,  if  not  identical  with,  the  bdrasingha 
(Cervus  duvaucelli).  On  the  other  hand,  Elephas  insignis  and  Hippo¬ 
potamus  namadicus  belong  to  extinct  subgenera,  the  first  being  found, 
and  the  latter  represented  by  a  nearly  allied  species,  in  the  pliocene  Siwdlik 
rocks.  Hippopotamus  palasindicus  and  Bos  namadicus  are  not  nearly- 
allied  to  any  Indian  living  species,  the  first  belongs  to  a  genus  now  only- 
found  in  Africa,  whilst  the  second,  although  having  some  characters  in 
common  with  the  living  wild  cattle  of  India,  Bos  (Bibos)  gaums,  differs  from 
the  latter  in  many  important  particulars,  and  appears  to  be  quite  as  closely- 
connected  with  true  taurine  oxen  belonging  to  the  type  of  Bos  taunts. 
Bos  namadicus ,  indeed,  cannot  be  classed  in  the  subdivision  Bibos.  The 
relations  of  the  remaining  mammals  are  less  distinctly  made  out,  the  speci¬ 
mens  on  v.’hich  the  species  are  founded  being  for  the  most  part  fragmentary. 

The  only  reptile  clearly  identified  is  Emys  tectum,  which  is  considered 
identical  with  a  living  Indian  form.  It  is  very  singular  that  only  frag¬ 
mentary  remains  of  crocodiles  occur,  for  they  abound  in  the  Siwdlik 
rocks  and  a  species  is  common  in  the  Narbadd  at  the  present  day.  The  mol- 
lusca  appear  to  be  the  same  as  species  now  living  in  the  area,  and  all  the 


i  Memoirs,  II,  284,  (i860);  Records,  VI, 
54,  (1873).  The  nomenclature  in  this  list 
is  that  adopted  in  the  first  edition  of  the 
Manual.  The  species  marked  with  an  asterisk 
are  not  determined  with  certainty,  no  speci¬ 


mens  having  been  preserved  in  the 
Museum. 

*  Records,  VI,  49,  (1873) ;  twe 
the  implement  are  given, 

!  Pal  Indtca,  series  x,  l,  p.  viii, 
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fouinionffil  forms  now  known  lo  occur  in  1 1  »o  river  valley  are  repfffhf.iitcdT 
except  :«oiiu;  minute  .-qx-.i  jrs  of  land  .'.hells,  Their  absent:*;  is  not  surpris¬ 
ing,  ln:i  nuse  lam!  uliells  for  the  mosl  pari,  float,  when,  washed  away,  and 
tire  left  on  the  surface,  whore  they  decompose,  instead  of  being  preserved 
in  alluvial  deposits. 

The  examination  ol  the  nioJhtscan  remains  in  the  Nai'b.'id.l  days  and; 
grave  is  completely  disproves  the  idea  of  a  marine  origin,  but,  it  has  been 
considered  by  some  observers  that  the  deposits  are  lacustrine:2  ,  This  vi<  w 
vans  principally  based  upon  the  uniform  appearance  of  the  dav  and  the  ■ 
absence,  of  stratification.  But  this  very  uniformity  imd  want  of  strut i- 
fication  are  common  characters  of  undoubted  river  deposits,  and  may.  be 
observed  on  the  banks  of  most  large  streams,  whilst  the  frequent,  deposi¬ 
tion  of  pebble  beds  throughout  the  days  could  not  have  taken  place  in 
the  still  waters  of  a  large  lake.  The  hones  too  arc  isolated  and  broken; 
sometimes  even  being  rolled,  whereas,  if  deposited  in  a  lake,  did  retd- 
bones  would  in  all  probability  be  found  together,  because  away  Horn  ilie 
margin  there  could  be  ho  current,  in  the  lake  of  sufficient  force  to  tratis- 
port  bones  divested  of  flesh,  and  any  mammalian  remains  deposited  in 
the  bottom  of  the  lake  must  be  derived  from  floating  carcases  or  portions 
of  carcases.  Moreover,  the  Chelonia  and  fresh  water  molluscs  are  all 
forms  which  inhabit  either  rivers  or  shallow  marshes  in  river,  valleys,  and 
it  is  improbable,  if  so  great  a  change  took  place  in  the  area  as  would 
be  involved  in  the  replacement  of  lakes  by  a  river  valley,  that  a  greater 
difference  would  not  be  produced  between  the  tortoises  and  fresh  water 
shells  formerly  inhabiting  the  waters  and  those  still  living. 

The  fact  of  the  alluvial  formation  occupying  a  rock  basin  shows,, 
however,  that  a  considerable  upheaval  of  land  must  have  taken  place  to  ' 
the  westward,  and  it  is  possible  that  this  upheaval  may  for  a  time  have 
given  rise  to  a  lake,  and  the  lower  beds  may  consequently  be  lacustrine 
even  through  those  from  which  the  fossils  were  obtained  are  alluvial.  If 
the  Narbadtf  has  really  been  diverted  from  its  original  course  as  suggested 
above  this  could  only  have  happened  through  a  movement  of  elevation 
sufficiently  rapid  to  pond  back  the  drainage  and  produce  a  lake.  - 


The  alluvial  plains  of  the  Tdpti 

1  The  only  exception  of  any  importance 
is  tlelcmia  spitiulosa,  bot  I  hat  is  not  by  any 
means  so  generally  distributed  a  form  as 
hi.  hiberailala.  The  absence  in  the  Nnrbadd 
deposits  of  J! -Jclauia  mruibilis  and  M.  spina- 
lesa,  the  latter  of  which  is  included  in  Mr‘. 
Theobald’s  lists  oF  living  NarbadA  species 
(Memoirs,  If,  287),  was  noticed  by  Dr.  Fal¬ 
coner,  Quail,  y.mr.  Geol.  So,'.,  XXI,  382, 


valley  require  but  brief  notice ,  In 

(1863) ;  but.it  is  extremely  doubtful  whether  M. 
variadilis  does  exist  in  the  Narbada  valley  or 
its  neighbourhood.  The  oceutrence  oi .  M,<  • 
lyre  fa  included  in  .Mr.  Theobitld’s  list,  let.  cit 
is  also  very  doubtful.  .  ’  1  ,  ,  '  • 

-.Memoirs,  II,  283,  (i860).  '■ 

|  8  For  a  lew  additional  details,  sen  Memoirs!- 

|  VI,  276,  286,  (1869);  and  Wynne,  Records,  ' 

[  n,  i,.<t*>9).  • 
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their  principal  characters  they  resemble  the  Narbadd  plain,  but  the  depth  of 
the  deposits  is  unknown,  no  deep  borings  having  been  made.  As  in  the 
Narbadd  valley,  the  river  now  runs  at  a  considerable  depth  below  the  alluvial 
plain  and  is  evidently  cutting  its  channel  deeper.  The  whole  basin  is  com¬ 
posed  of  the  Deccan  trap,  and  the  Tdpti  cuts  its  way  out  to  the  westward 
through  the  same  formation.  No  remains  of  mammalia  have  hitherto  been 
detected  in  the  alluvium,  but  they  will  probably  be  found  if  sought  after; 
the  few  mollusca  found,  as  in  the  Narbadd  plain,  belong  to  recent  fresh 
water  species  inhabiting  rivers. 

The  difference  in  elevation  between  the  Tdpti  and  Purna  plains  is  not 
accurately  known,  nor  are  the  levels  of  different  parts  of  the  plains  well 
determined,  the  only  data  available  being  those  furnished  by  tlie  railway. 
The  height  above  the  sea  at  Bhusdrval,  just  south  of  the  alluvial  flat,  near 
the  eastern  extremity  of  Khandesh,  is  677  feet.  This  cannot  be  much 
above  the  flood  level  of  the  Tdpti  river,  for  the  rail  level  at  the  bridge  over 
the  Tdpti,  only  about  six  miles  distant,  is  685  feet.  At  Malkapur,  close  to 
the  western  extremity  of  the  Purna  alluvial  plain,  the  level  is  816  feet,  at 
Akola  917,  at  Murlazdpur  986,  and  at  Badnera  south  of  Amraoti,  1,093. 
The  last  locality,  however,  is  some  miles  distant  from  the  south-eastern 
edge  of  the  alluvium,  and  none  of  the  railway  stations  are  out  in  the  allu¬ 
vial  plain,  as  in  the  Narbadd  valley. 

The  only  peculiarity  of  the  Purna  alluvia!  deposits,  which  deserves  notice, 
is  the  occurrence  of  salt  in  some  of  the  beds  at  a  little  depth  below  the  sur¬ 
face.  Throughout  an  area  more  than  30  miles  in  length,  extending  from  the 
neighbourhood  of  Dahihdnda  (Dhyanda),  north  of  Akola,  to  within  a  few 
miles  of  Amrdoti,  wells  are  sunk  for  the  purpose  of  obtaining  brine  in  several 
places  on  both  sides  of  the  Purna  river.  The  deepest  wells  are  about  120 
feet  deep.  They  traverse  clay,  sand  and  gravel,  and  finally,  it  is  said,  a 
band  of  gravelly  clay,  from  which  brine  is  obtained.  No  fossils  bare 
been  found  in  the  clay  and  sand  dug  from  the  wells.  The  occurrence  of 
salt  in  the  alluvial  deposits  of  India  is  not  uncommon,  and  it  is  impossible 
to  say,  without  further  evidence,  whether  it  indicates  the  presence  of  marine 
beds.  The  absence  of  marine  fossils  in  all  known  cases  is  opposed  to  any 
such  conclusion,  but  still  it  is  not  impossible  that  the  land  may  have  been 
1,000  feet  lower  than  it  now  is  in  late  tertiary,  or  early  posttertiary  times, 
and  this  difference  in  elevation  would  depress  the  Purna  alluvial  area 
beneath  the  sea  level 

It  has  already  been  mentioned  that  the  alluvial  deposits  of  the  Godavari 
do  not  occur  in  distinct  basins,  like  those  of  the  Narbada  and  Tdpti.  This 
river  in  general  lias  but  a  slight  fall,  and  forms  a  broad  alluvial  plain  where  it 
traverses  softer  beds,  whilst  it  cuts  a  ste  eper  slope  through  harder  rocks. 
There  is  an  exception  to  ihe  latter  rule  in  the  gorge  above  Rajainahendri. 
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Kslcnsivf  alluvial  arcus  occur  along  the  upper  part  of  the  Godfrvari  in  the 
Bombay  presidency  ami  (he  adjoining;  portion  of  the  Nizanrs  rks« inions, 
and  similar  tracts  are  found  on  the  Pcngangd,  Wardhd,  and  Waingangd,. 
tributaries  of  the  Godavari,  in  Berar,  Ndgpur  and  Chdnd£.  ,  - 

The  composition  of  these  deposits  differs  ’in  no  important  particular 
from  that  of  the  Narbadd  and  T/tpli  alluvium.  The  gravels  are  chiefly 
composed  of  rolled  agates  and  fragments  of  basalt  derived  from  the  Deccan 
traps,  which  arc  the  prevailing  rocks  in  the  upper  part  of  the. valley. 
Silicified  fossil  wood  in  nil,  sizes  from  small  fragments  up  to  trunks  so 
and  s  5  feet  long  1  is  abundant  along  the  west  margin  of  the  Chikidla  sand¬ 
stones,  from  near  the  Ward  hi  to  the  Godavari  near  Enchapalli,  and  is  found  ' 
less  abundantly  from  here  on  to  Albaka  on  the  Godivari.  The  greater  por-' 
lion  of  the  alluvium  in  all  cases  consist  of  brown  clay  with  kankar,  In  the 
Wardhd  valley  beneath  the  clay  and  calcareous  conglomerates  some1  fine 
sandy  silt,  light  brown  or  grey  in  colour,  occurs  west  of  Chdndd,  and 
contains  salt,  with  a  considerable  proportion  of -sulphate  of  magnesia*  - 
(Epsom  salts). 

Mammalian  bones  have  been  found,  sometimes  it  is  said  in  large  mini-  , 
hers,  in  the  Goddvari  valley,  but  very  few  appear  to  have-  been  preserved, 
and  the  only  species  identified  is  Elefhas  nanuuHcus?  .Bones  of  Bos  and 
other  animals  occur,  and  it  appears  probable  that  the  fauna  is  similar  to 
that  of  the  Marbadd  valley.  From  the  gravels  near  Mungi  and  Paitan  -- 
(Pytun)  on  the  road  from  Ahmednagar  to  Jalna,  Mr.  Wynne  obtained  an. 
agate  flake,  4  apparently  of  human  manufacture,  thus  affording. a  second 
instance  of  traces  of  man  occurring  in  the  pleistocene  river  gravels- of  ' 
the  Peninsula.  .  . 

The  most  important  localities  at  which  bones  have  been  observed  are 
the  neighbourhood  of  Mungi  and  Paitan  already  mentioned,  and  one  Or' 
more  places  on  the  Pengangd  or  its  tributaries  in  the  neighbourhood  of  . 
Hingoli.6  At  one  spot  near  Hingoli  bones  are  said  to  have  be  fen  found  in- 
immense  quantities,  but  unfortunately  they  were  not  preserved. 

The  valley  of  the  Kistna  resembles  that  of  the  Goddvari  in  many  ’ 
respects.  There  are  similar  plains  of  alluvial  day  with  beds  of  sand,  gravel 
and  calcareous  conglomerate,  but  none  of  these  plains  appear  to  be  . 
of  great  extent.  Beds  of  gravel  have  been  observed  in  many  places  at  a 
height  of  6o  to  8o  feet  above  the  present  course  of  the  river  and  its 
tributaries.0 


‘  W.  King,  Memoirs,  XVIII,  298,  (1881). 

Hushes  Memoirs,  XU1,  02.  (1877). 

!  Falconer,  Quart.  Jour.  Geo!.  See.,  XX  t,  381 
(1865),  Memoirs,  VI,  232,  <1869). 

. . .  r.  T.  Oldham  aw 


1  For  a  description  by  Dr.  T.  < 
figures,  see  Records,  X,  65,  (t868), 

5  Cnpt.  O,  W.  Gray,  Mad.  your.  Lit 


VII,  477,  (1838)!  Carter,  on  the ,  authority ' 
of  Dr.  Bradley,  Join-.  Bo.  Br.  Roy.  As.  Sec,. 
V,  304,  (1834)  i .  Newbold.'yW.  Soy.,  As.  Sac.-  < 

VIII,  246/ (1846),  See  also  Memoir,,  VI,  337, 

(i86g).  ... 

6  NewboM,  Jour,  Soy.  As.  Sec.,  Vlfl,  247,  • 
(1846);  Foote,  Memoirs,  Xli,. 337,  (iSjo)..- 
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davs  with  kankfir  and,  near  the  hills,  pisolitic  nodules  of  irort  jwiroxide,  the 
hitter  being  in  places  sufficiently  abundant  to. render  the  deposit  a  kind  of' 
laterite  gravel.  Gravels  and  sand  also  occur,  frequently  more  or  dess, 
mixed  with  ferruginous  concretions,  and  there  is,  in  many  localities,  an 
apparent  passage  between  the  ferruginous  graved- of  the  alluvium  and  -the 
low  level  form  of  laterite,  but  in  other  .places  this  older  alluvium .  rests  tm- 
conformably  upon  the  low  level  laterite.  which  has  been  shown,  by  .the 
occurrence  of  palaeolithic  implements,  to  be  itself  of  posttertiary  age. 

The  surface  of  the  coast  alluvium  is  usually -quite  flat  near  the'  sea  and 
in  the  river  deltas,  but  towards  the  hills  it  is  more  uneven,  and  the  surface 
has  undergone  a  considerable  amount  of  denudation,  evidently  from  being 
at  a  higher  level.  ■  ■ 

At  Madras  and  Pondicherri,  shells  belonging  to  recent  species  ha  ye 
been  found  at  depths  of  from  5  to  20  feet  beneath  the .  surface,  or  con¬ 
siderably  above  the  present  sea  level,  Faither  south  also,  near  Porto  Novo 
in  the  lower  valley  of  the  VcJIar,1  h  bed  of  estuarine  shells  is  'found'  above 
the  present  flood  level  of  the  river,  and  consequently  at  a  considerable' 
height  above  the  sea.  Similar  deposits  of  shells  have  also  been  noticed 
near  Cuddalore  and  Tanjore.*5  .  - 

The  shells,  as  a  rule,  are  estuarine  forms,  such  as  now  live  in  the  creeks 
and  backwaters  of  the  coast,8  but  in  several  cases  true  marine  species  have 
been  found.  The  subfossil  shells  near  Madras  are  so  abundant  in  places 
that  they  have  been  collected  for  burning  into  lime,  - 

Another  place  where  estuarine  shells  have  been  observed  is  close  to 
the  Chilki.  lake  in  southern  Orissa.  The  forms  found  were.  Cyiherea  casta 
and  Area  granosa,  and  the  deposit  containing  the  shells  is  bow  at  elevations 
of  from  20  to  30  feet  above  the  level  of  the  highest  tides,  •  , 

The  thickness  of  the  alluvium  has  been  testod  at  Madras  by  a  -boring 
which  went  through  it,  and  struck  the  crystalline  rocks  'at  55  feci  from  the* 
surface.4.  Further  south,  at  Pondicherri,  the  thickness  of  the  alluvium,  is 
much  greater,  one  boring  having  been  put  down  550  feet  without  reaching 
its  base.  The  alluvial  deposits  of  Pondicherri  are  both  interesting  and  im¬ 
portant,  in  that  they  yield  a  supply  of  artesian  water  at  various  depths  below 
the  surface,5  and  in  one  boring,  at  Bahiir,  a  bed  of  lignite,  10-63  in'.  (35  feet) 
in  thickness,  was  struck  at  a  depth  of  73*38  m.  (240  feet)  from  the  surface.® 
The  lignite  is  too  impure  to  be  of  commercial  importance,  but  since  it 

>  H.  F.  Stanford,  Memoirs,  IV,  192,  (1853). 

5  King  and  Foote,  Memoirs,  IV,  254,  {1864). 

s  The  following  are  the  most  characteristic 
species.  They  are  seldom,  if  ever,  found  in 
the  open  sea,  but  they  are  always  met  with  in 
backwaters,  and  at  the  mouths  of  rivers,  and 
many  of  them  occur  in  creeks  of  deltas  hear 
the  sea:  —Potamides  telcscopium,  P.  fluvia- 


Mis,  Area  granosa,  byttiertt  cased,  c.  ptere- 
trix,  Osired,  a  large  species.  .  .  •  .. 

4  Newbold,  four.  Roy.  As,  Sue,,  VIII,  248, 

(1846).  .  ■’ 

5  For  details  see  W,  King,  Records,  XI II,  113, 

104,  (1880}.  ••-.  /  ••  -  T 

'  Geological  Snrvey;  MS.  Records,  .. 
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must  have  been  formed  a(  or  near  the  surface*  it.  is  interesting  as  evi¬ 
dence  of  an  amount  of  subsidence  corresponding  to  the  depth  at  which  it 
was  found  beneath  the  surface. 

Evidence  of  subsidence  to  a  less  degree  is  again  found  in  a  submerged 
forest  at  the  western  end  of  Vffiimukam  bay  in  the  Tinnevelli  district.  1  lie- 
forest,  or  rather  so  much  of  it  as  can  be  seen,  is  described  as  about  half  an 
acre  in  extent,  lying  at  or  just  below  high  water  mark  ;  the  stumps  have 
a  diameter  of  one  to  one  and  a  half  feet  at  the  base  of  the  hole,  and  are 
surrounded  by  black  mud  containing  remains  of  twigs  and  detached 
branches.  An  incised  bone  pendent  was  found,  w'hich  appeared  to  have 
been  washed  out  of  this  mud,  showing  that  the  forest  flourished  since  the 
advent  of  man. 

The  trees  of  this  forest  could  hardly  have,  flourished  at  sea  level 
or  on  the  coast,  so  that  .there  has  certainly  been  some  subsidence  in 
this  neighbourhood,  but  indications  of  a  contrary  movement  are  found  close 
by  in  the  occurrence  of  Potamides  and  other  littoral  marine  shells  in  clay 
above  high  water  level,  showing  that  this  clay  must  have  been  elevated 
since  it  was  formed.1 

Before  proceeding  to  the  description  of  the  recent  accumulations  on  the 
west  coast  of  the  Peninsula  it  will  be  well  to  notice  the  remarkable 
smooth  water  anchorages-  of  Aleppi  and  Narakal.  These  are  mud 
banks  of  about  four  miles  in  length,  whose  position  varies  in  the  course  of 
years  within  the  extreme  limits  of  about  eleven  miles.  '1  he  sea  bottom 
on  these  banks  is  composed  of  a  very  soft  mud,  which  readily  mixes 
with  the  sea  water,  and  smooth  water  can  always  be  found  over  the 
mud  banks,  though  open  to  the  full  force  of  the  south-west  monsoon, 
however  tempestuous  ^he  sea  outside  may  be.  It  was  this  peculia¬ 
rity  which  first  attracted  attention,  and  rendered  them  important  to  the 
navigators  of  a  coast  where  there  arc  no  sheltered  harbours,  and  the 
accounts  which  have  been  written  from  time  to  time  constitute  a 
tolerably  extensive  literature.3  According  to  the  most  recent  investigation 
of  the  subject,  these,  smooth  water  anchorages  owe  their  origin  to  a  bed  of 
~'ery  softj.ilne  grained,  greenish  clay,  containing  foraminifei®  and  dialo- 
uiaceae,  which  underlies  the  soft  recent  sandstones  of  the  surface  of  the 
narrow  strips  of  land  separating  the  sea  from  the  backwaters  of  Travan- 
core  and  Cochin.  When  the  water  level  in  these  backwaters  is  raised 
by  the  monsoon  rains,  this  mud  is  forced  outwards,  and  rises  in  cones 
and  ridges  along  the  shore  and  under  the  sea,  and  once  it  has  become 


1  Foote,  Memoirs,  XX,  83.  (1883).  ature  will  also  he  found.  A  more  recent  in- 

3  A  good  account  of  these  mud  banks  by  Dr.  vestieation  by  Mr.  f.ake  is  printed  in  A’-  > . 

W,  King  is  published  in  lieemds,  XVII,  14,  XXIII,  41,  (1890). 

(1885),  where  an  account  of  the  previous  liter- 
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thoroughly  mixed  with  the  sea  water  the  waves  of  the  open  sea  ate  . 
smoothed  off  and  reduced  in  size  over  the  mud  banks.  .  ■ 

This  result  appears  to  be  due  to  two  separate  causes,,  .in  the  .first  place"’, 
the  mud  contains  an  appreciable  proportion  of  oily  matter,  and.the  action// 
of  oil  in  stilling  stormy  waters  is  now  well  known,  but  the  second  cause 
appears  to  be  much  the  more  important.  The  large  quantify  of  impalpable 
mud  mixed  with  the  water  increases  its  density,  and,  consequently,  the 
waves,  on  entering  this  denser  water,  decrease  in  size-  and  are  retarded. . 
Moreover,  as  the  proportion  of  mud  is  much  less  at  the  surface  than  lower , 
down,  the  lower  part  of  the  wave  is  retarded  more  than- the  upper,  and  the., 
wave  may  actually  break  if  the  increase  in  density  be  sufficiently  rapid,  , 
or  merely  be  obliterated  if  it  is  sufficiently  giadual.  This  action  ■  is 
intensified  by  the  large  amount  of  fresh  water  falling  on  the  sea  as  rain  and 
poured  out  by  the  rivers,  which  floats  on  the  surface  in  such  quantities  that  . 
ships  may  often  replenish  their  stock  of  fresh  water  by  dipping  over  the 
side  of  the  vessel  with  a  bucket,  ft  is  doubtless  due  lo  the  greater  deUsity 
of  the  deeper  layers  of  water,  owing  to  the  smaller,  proportion  of  salt  and 
mud,  in  the  upper  layers,  and  the  consequent  retardation  of  the  lower 
portions  of  the  larger  waves  that  they  are  broken  up,  while  the  film,  of  oil 
derived  from  the  mud  causes  the  smaller  wavelets  to  be  smoothed  off.  - 


There  is  no  such  continuous  plain  of  alluvium  along  the  western  shore  * 
of  the  Peninsula  as  on  the  east  coast.  The  ground  between  the  Sabyadri  • 
range  and  the  sea,  where  not  hilly,  consists  gene,  ally  of  a  gentle  slope' 
towards  the  coast,  composed  of  rock,  covered  in  .many  places  by  . iaterito. 

The  coast  itself  is  rocky  in  parts,  arid  the  alluvial'  deposits  are-  chiefly 
confined  to  the  neighbourhood  of  the  small  streams,  which  run  from  the 
Western  Gbits  to  the  sea,  or  of  the  backwaters, «r  lagoons,,  which  have 
been  cut  off  by  banks  of  sand  along  the  coast.  The  backwaters  are  of.  %. 
considerable  extent  in  Travancore  and  Malabar,  but  they  are  wanting,  • 
farther  north  and  on  the  coast  of  the  Bombay  presidency.  The  alluvial '  • 
valleys  between  the  lulls  are  unimportant  south  of  Bombay  itself,  although 
they  gradually  increase  in  extent  to  the  northward,'  .  ■  '  - 

Alluvial  plains,  evidently  of  comparatively  recent  formation,  connect  . 
the  hills  of  Bombay  and  Salsette  island,  a  few  creeks  alone  remaining  ' 
to  show  the  position  of  the  marine  channels  which  .formerly  existed.  Farther  ‘ 
north  these  plains  gradually  increase  in  extent,  until  they  merge  into  1  ' 
the  alluvial  flat  of  Gujar.it.  ■  '  -  -  ' 

At  Bombay  the  alluvial  deposits,  consist  of  blue  and  yellowish  brown 
clay.  The  former  varies  in  thickness  from  a  few  inches  to  several  feet,  .its 
upper  surface  being  at  present  about  one  or  two  feet  below  high  wafer.  : 
level.  It  is  very  salt,  and  contains  small  grains  anti  nodules  of  kankar,  and 
occasionally  plates  of  gypsum;  it  is  frequently  penetrated  by  mangrove 
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roots,  which  are  usually  riddled  by  Teredo  borings,  just  as  in  the  mud  of 
tidal  creeks,  and  at  one  spot  large  masses  of  oyster  shells  have  been  found 
in  it.  1  he  yellowish  brown  clay  appears  to  be  the  older  of  the  two  deposits. 
Its  surface  is  frequently  above  the  sea  level,  it  abounds  in  larger  masses 
of  kankar,  and  it  has  occasionally  yielded  estuarine  shells,  Placuna 
Oserea,  etc.  1  hat  these  alluvial  deposits  are  estuarine,  and  precisely 
similar  to  the  mud  now  deposited  in  the  creeks  and  backwaters  of  the 
coast,  or  on  the  shores  of  Bombay  harbour,  is  shown  by  the  similarity 
of  mineral  character  and  by  the  organic  remains,  both  vegetable  and 
animal,  found  in  the  clay.1 

Some  very  interesting  indications  of  subsidence  were  found  in  the  ex¬ 
cavation  of  the  Prince’s  dock  at  Bombay.  A  large  number  of  tree  stems 
and  roots  were  found  in  the  blue  clay,  many  in  the  position  in  which  they 
originally  grew  and  some  of  the  stumps  were  30  feet  below  high  water 
level.  The  evidence  of  subsidence  here  is  unmistakeable.  but  the  littoral 
concrete,  seen  on  the  west  side  of  the  island,  must  have  been  formed  at  a 
lower  level  than  it  now  stands  at.  The  elevation  on  one  side  of  the  island 
and  depression  on  the  other  could  not  have  been  contemporaneous,  so  that 
we  have  clear  proof  of  oscillations  of  level  similar  to,  but  of  greater  extent 
than,  those  Dr.  Buist  recognised  many  years  ago.8 

It  is  evident  that  Bombay  harbour  is  the  last  remaining  inlet  out  of 
many  which  formerly  indented  the  Bombay  coast,  and  that  this  harbour 
is  gradually  silting  up  and  being  converted  into  dry  land.  The  process 
however,  is  slow,  and  it  may  be  ages  before  its  progress  is  such  as  to 
affect  the  trade  of  Bombay,  but,  unless  depression  takes  place  in  the  area, 
or  means  are  devised  for  checking  the  deposition  of  mud,  there  can  be 
no  question  of  the  ultimate  result.  Except  at  Bombay,  little  has  been 
recorded  concerning  the  .alluvium  of  the  western  coast  south*  of  Danadn, 
and  that  little  presents  no  features  of  interest. 

In  the  neighbourhood  of  the  rivers  Tdpti  and  Narbadi  there  is,  how¬ 
ever,  a  broad  and  fertile  alluvial  plain8  near  the  sea,  resembling  in 
some  of  its  features  the  alluvium  of  the  east  coast.  Commencing  to 
the  southward  near  Damdn,  this  plain  covers  the  greater  portion  of  the 
S.irat,  Broach,  and  Ahmadabdd  districts,  and  continues  as  far  as  the  Rann, 
where  it  joins  the  area  of  recent  deposits  connected  with  the  Indus  valley. 
Near  Surat  this  plain  is  about  30  miles  in  breadth,  and  near  Baroda  it  is 
60  miles  wide. 

The  alluvium  of  eastern  Gujardt  consists  of  brown  clays  with  kankar, 
resting  upon  sands  and  sandy  clays  with  occasional  gravels.  The  surface 


‘  Buist,  Trans.  Bam.  Gang.  Sac.,  X,  181,  I  2  Trans.  Ba.  Geog.,  Sac.,  X,  177,  (1857). 
Carter,  four.  Bom.  Br.  Roy.  As.  Sac.,  *  Memoirs,  VI,  233,  (1869)  ;  Records,  I, 

IY,^,(.fi53>.  '  (’868):  Vm  49’(,S75)' 
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is  covered  with  black  soil  to  the  southward,  though  not  hi  tin:  "district' 
of  Ahmaddbad,  and  ir,  frequently  flat  over  considerable, areas,  but  in  parts' 
of  the  country  the  ground  is  undulating,  evidently  -in  consequence , of 
having  been  denuded  by  rain  action,  The  deposits  appear  to  hftve  been, 
chiefly  estuarine  or  marine,  and  have  probably  been  raised,  as  on  fhfveast 
coast,  but  no  fossils  have  been  found.  The  Gulf  of  Cambay  is  said  to  be 
gradually  silling  up,  and  there  can  be  very  little  doubt  that  it  was  formerly  ' 
part  of  a  broad  inlet  leading  from  the  Rann,  then  an  inland  sea,  to  the 
ocean,  and  that  the  remainder  of  the  inlet  has  been  converted  into'  the 
alluvial  plains  of  AlimarMhdd,  Broach,  Surat,  and  nortli -eastern  Kdthidwdr. 

In  north-eastern  Rdthiawdr,  on  the  borders  of  the  Rann,  there  is  a  ' 
large  alluvial  tract, 1  continuous  with  the  alluvium  of  Ahmed&bdd,  and 
similar  in  character.  Between  Kdthidwdr  .and  Ahmeddbad,  in  the  lino  of , 
depress  m  between  the  head  of  the  Gulf  of  Cambay  and  the  Ranh  of  Cutch, 
tf  r'"c  still  exists  a  large  shallow  lake  of  brackish  water,  called  the  N.tl,  about 
twenty  miles  in  length  by  three  or  four  broad.  In  the  neighbourhood  ,  of 
this  marsh  shells  of  a  form  of  Cer  it  hium  (probably  Potamides  iekstopium 
or  P.  fluviatilis)  are  found,  showing  that  estuarine  conditions  have  pre-  ’ 
vailed  at  no  distant  period,  and  tending  to  confirm  the  probability  that 
the  depression  between  Kdthidwar  and  Ahmcddbad  is  an  old  marine  inlet, 
silled  up  in  recent  times.  The  distribution  of  black  soil  in  the  neighbour¬ 
hood  of  the  Nal  will -be  noticed  presently.  '  ‘  .  '  • 

Along  the  south  coast  of  Kdthidwar  there  is  very  little  alluvium,. its  place 
being  taken  by  a  calcareous  grit,  with  marine  shells,  which  is  evidently-'of 
late  formation.  A  glance  at  the  map  will  show  that  this  coast  is  exposed 
to  the  full  action  of  the  currents  which  sweep  along  the  shores  of  the 
Peninsula,  so  that  it  is  unlikely  that  any  accumulation  of  sediment  would 
take  place,  A  patch  of  recent  deposits  has  been  mapped  at  the  western 
extremity  of  the  Kdthidwir  peninsula,  but  along  its  north-western  coast  the 
Deccan  traps  extend  down  the  sea  shore.  The  belt  of  alluvium  reappears 
in  Cutch,®  where  it  is  fro  in  three  to  ten  miles  broad,  there  being  only  one 
place  where  rocks  come  down  to  the  shore.  This  is  in  the  Gulf  of  Cutch. 
The  alluvial  plain  of  Cutch  consists  of  a  brown  loam,  resting,  upon  .mottled' 
clay,  with  kankar  and  grains  of  quartz. 


An  agglutinated  calcareous  shelly  grit  is  found,  a  little  raised  above  the 
sea  level,  in  several  places  on  the  west  coast  of  India.  This  deposit,  which 
was  called  littoral  concrete  by  Dr.  Buist/  consists  of  shells,  corals,  pebbles,, 
and  sand,  cemented  together  more  or  less  thoroughly  by  carbonate  of 
lime,  and  sufficiently  compact  in  places  to  be  employed  as  an  inferior  kind 


1  Rogers,  Quart,  yottr.  Geol.  Sec.,  XXVI, 
ji8,  (1870);  F,  Fedden,  Memoirs,  XXI,  130, 
(18S4. 


Wynne,  Memoirs,  IX,  81,  (J872),  ' 

Trans.  Bo.  Geog.  Sos.,  ~K,  ijp,  {1852)1  four. , 
>»».  Be.  Roy,  As.  Sac.  IV,  206,  (1853).  '  ‘ 
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notice  in  Indian  geological  works,  require  a  few  remarks  to  be  devoted 
to  them,  and  one  of  the  two,  the  regur,  or  black  soil,  is  a  very  remarkable 
substance.  The  red  soil  also  requires  notice,  because  it  has  been  so' 
frequently  mentioned  in  geological  treatises.  ■  -  :  .  -  ,  • 

The  somewhat  ferruginous  soils  common  on  the  surface  of  many 
Indian  rocks,  and  especially  of  the  metamorphic  formations,  .would  pro¬ 
bably  never  have  attracted  much  attention  but  for  the  contrast .  they 
present  in  appearance  to  the  black  soil.  1  hey  have  only  been  noticed,  • 
as  a  rule,  in  papers  relating  to  the  black  soil  country  in  the  western,  and 
southern  portions  of  the  Peninsula.  The  commonest  form  of  red  soil  is  a 
sandy  clay,  coloured  red  by  iron  peroxide,  and  either  derived  from  the 
decomposition  of  rock  in  si  In  or  from  the  same  products  of  decomposition 
washed  to  a  lower  elevation  by  rain.  .The  term  is,  however,  frequently 
used  in  a  very  vague  sense,  apparently  to  distinguish  such  soils  as  are  not 
black,  and  hence  many  alluvial  soils  may  be  comprehended  under  the 
general  term.  In  very  many  cases,  too,  it  appears  to  have  been  applied  ■ 
in  Southern  India  to  thick  alluvial  beds  of  sand  or  sandy  clays,  which 
are  in  fact  ordinary  river  or  rain-wash  deposits. 


The  regur  of  Peninsular  India,  called  black  soil  from  its  colour,  and 
cotton  soil  from  its  suitability  to  the  cultivation  of  cotton,  occupies  the  . 
surface  of  a  very  large  portion  of  the  country,  and  Newbold  considers  that-' 
at  least  one-third  of  Southern  India  is  covered  by  it.  The  name  ’ 
is  a  corruption  of  the  Teiugu  regada,  or  of  cognate  words  in  affined  ■  . 
languages. 1  - 

Regur,  in  its  most  characteristic  form,  is  a  fine  dark  soil,  which  varies  ■ 
greatly  in  colour,  in  consistence,  and  in  fertility,  but  preserves  the  constant 
characters  of  being  highly  argillaceous  and  somewhat  calcareous,  of 
becoming  highly  adhesive  when  wetted  (a  fact  of  which  any  one  who  has  (g 
to  traverse  a  black  soil  country  after  a  shower  of  rain  becomes  fully  aware)'  , 
and  of  expanding  and  contracting  to  an  unusual  extent  under  the  respec¬ 
tive  influences  of  moisture  and'  dryness.  Hence,'  in  the  dry ' season  the 
surface  is  seamed  with  broad  and  deep  cracks,  often  five  or  six  inches  across"  - 


1  The  following  arc  some  of  the  principal 
writers  who  have  described  regur: — 

Chiislie,  Edin.  Phil.  I  Jem.,  VI,  lift 
(1829);  VII,  50,  (1829) ;  Mad.  <faur.  Lit. 
Sci.,  IV,  469,  (>836). 

Voysey.  Jour.  As.  Sec.  Seng-.,  II,  303,  (1833). 
'  Newbold,  Free.  Ray.  Sac.,  IV,  54*  {1838,; 
Jour.  As.  Sac,  Bang.,  XIII,  987,  (1844); 
XIV,  229,  270,  (1845) ;  Jotcr.  Rom.  As. 
Sac.,  VIII,  252,  (1S40). 


Carter,  Jour.  Bom.  Br,  Roy.  As.  Soc.,  V, 
329,  (tSs4). 

Theobald,'  Memoirs;  .  II,  298,  (i860);  X,- 
229,  (*873).  '  ,  . 

H.  F.  Blanford,  Memoirs,  IV,  183,  (tS5a>. 
King  and  Foote,  Memoirs,  1V-,  352,  (1864). 

W.  T.  Blanford,  Mevwirsj  .VI,  23S1  (1869)'; 

Records,! VIII,  50,  (1875). 

T.  Oldham,  Records,  IV,  So,  (1871).’ 

Foote,  Memoirs,  XII,  231,  (1876). 
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and  several  feet  deep.  Like  all  argillaceous  soils,  regur  retains  water,  and 
consequently  requires  less  irrigation  than  more  sandy  ground  ;  indeed,  as 
a  rule,  black  soil  is  never  irrigated  at  all  in  the  western  Deccan,  Ndgpur, 
and  Haiderdbad.  When  dry,  it  usually  breaks  up  into  small  fragments;  on 
being  moistened  with  water  it  gives  out  an  argillaceous  odour.  It  is  said 
to  fuse,  when  strongly  heated,  into  a  glassy  mass,  but  this  is  not  invari¬ 
ably  the  case,  and  is  probably  dependent  on  the  proportions  of  iron  and 
lime  present. 

The  chemical  composition  of  regur  has  not  received  much  attention. 
From  the  few  and  partial  analyses  1  which  have  been  made  the  proportions 
of  iron,  lime,  and  magnesia  seem  to  vary,  and  there  appears  always  to  be  a 
considerable  quantity  of  organic  matter  combined,  The  black  colour 
appears  to  be  due  either  to  the  carbonaceous  elements  of  the  soil,  or  to 
organic  salts  of  iron,  but  the  tint  varies  much,  being  frequently  brownish, 
and  sometimes  grey. 

Christie  made  some  experiments  to  determine  the  absorbent  power  of 
regur.  He  first  dried  a  portion  at  a  temperature  nearly  sufficient  to  char 
paper  ;  he  then  exposed  to  the  atmosphere  of  a  moderately  damp  apart¬ 
ment  2615-6  grains  of  the  dried  soil,  and  found  after  a  few  days  that  it  had 

In  the  other  analysis  by  Mr.  Tween  (Memoirs, 
IV,  361),  undried  soil  was  used,  and  the  com¬ 
ponent  parts  were  only  determined  in  the 
soluble  portion.  The  residue  in  all  con¬ 
sisted  chiefly  of  magnesia  and  alkali;  in  Al, 
Bi,  B2,  there  were  traces  of  sulphuric  acid. 

A  and  B  were  from  near  Seoni,  C  from 
Indore,  D  from  Barwani,  and  E  from  Burhan- 
pur;  Seoni  and  Barwdni  are  in  the  Narbada 
valley,  and  Burhdnpur  in  the  Tapti. 

Al,  Aa  represent  the  surface  soil  and 
subsoil  taken  from  the  same  locality,  Al  being 
the  surface,  A2  from  5  feetbelow  surface.  The 
two  marked  Bi,  Ba,  are,  in  like  manner,  the 
soil  and  subsoil  (3  feet  deep)  from  one  locality, 
while  C,  D,  and  E  are  the  soils  taken  from 
only  a  few  inches  below  the  surface.  Bi  is 
considered  the  best  quality  of  soil : — 


1  me  following  are  the  analyses,  m  neither 
case  is  it  stated  how  the  analyses  were  made, 
nor  which  ingredients  were  determined  by 
loss.  In  the  first,  by  Dr.  Macleod  and  pub¬ 
lished  by  Captain  Newbold  (Jour.  Roy.  As. 
Soe.,  VIII,  2S4),  a  complete  analysis  of  a  dried 
sample  appears  to  have  been  made,  but  the 
locality  from  which  the  specimen  was  derived 


Carbonate  of  lime  . 
Carbonate  of  magnesia 
Oxide  of  iron  .  . 

Water  and  extractive 
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gained  i^7" i  grains.  Sin  (hen  exposed  fjis-  same  sample  to  an  atmosphere 
VaUtraK-tl  with  moisture,  ami  found  that  the  weight  increased  daily,  till  the  ■ 
I'inJ  of  a  few  weeks,  when  it  was  found  to  be  2828-4  grains.  The  soil  had-, .  .  . 
therefore,  gained  2 1 2-8  grains,  or  about  8  per  cent,  ’  ■ 

As  a  rule,  the  purest  heels  of  regur  contain  no  pebbles,  although  this 
soil  usually  abounds  in  kankar.  Fragments  of  chalcedony  or  zeolite  Ate,  .  .• 
however,  often  found  in  the.  black  soil,  where  it  is  derived  from  the. decam-  ’  - 
position  of  basalt,  and  in  Southern  India  regur  occasionally  contains-debris 
of  the  mc-.tamorphic  rocks,  sandstone  or  limestone,  on  which  it  rests,  y 

Where  uncultivated,  black  soil  plains  usually  support  but  few  trees,  .  ■ 

and  those,  as  a  rule,  of  no  great  size,  but  the  principal  product  is  grass,  ' 
commonly  growing  to  a  height  of  three  or  four  feet,  but  sometimes  com 
siderably  higher,  The  growth  of  grass  on  the  uncultivated  plains  of  India 

is,  however,  greatly  promoted,  and  the  trees  injured  or  killed,  b?  the 
universal  practice,  of  burning  the  grass  annually  in  the  dry-  season,  so  that 

it.  is  probable  that  the  plains  of  black  soil  would  support  forest  if  left  to 

themselves,  '  '  ■' 

The  fertility  of  this  soil  is  so  great  that  some  of  the  black' soil  plains 
are  said  to  have  produced  crops  for  2,000  years  without  manure,  without 
having  been  left  fallow,  and  without  irrigation.  On  the  other  hand,  some- 
varieties  of  black  soil,  occurring  near  the  coast  of  Southern  India.  are..com- 
paratively  infertile.  ,  '  , 

The  typical  appearance  is  only  presented  by  this  soil  near  the  surface  - 
of  the  ground  ;  if  the  regur  is  more  than- about  6  to  ro  feet  deep,  it  usually' 
passes  down  into  brown  day  with  kankar.  It  is  never,  except  where  it  . 
has  been  carried  down  and  re-arranged  as  a  stream  deposit,  met  ivith  at  any 
depth  beneath  the  surface,  •  .  ' 

The  distribution  of  black  soil  in  the  Indian  peninsula  is  of  some  im-  ' 
portance,  because  it  affords  a  clue  to  the  origin  of  the  formation.  Regur^fc 
is  found  everywhere  on  the  plains  of  the  Deccan  trap  country,  except 
the  neighbourhood  of  the  coast.  A  very  similar  soil,  is  found  locally 
in  the.  basaltic  Rajmahdl  hills,  but  with  this  exception  nothing  of  the  .  '  ' 
kind  appears  to  be  known' in  Bengal  or  the  neighbouring  provinces. 

In  Southern  India,  however,  tracts  of  black  soil  .  are  found  scattered  . 
throughout  the  valley  of  the  Kistna,  and  .occupying  the  lower  plains  and 
flats  of  Coimbatore,  Madura,  Salem,  Tan j ore,  R<imn£d,  and  Tirtnevelli. 
There  is  but  little  on  the  Mysore  plateau.  Some  occurs  on  portions  of  the 
coast  plain  on  the  eastern  shore  of  the  Peninsula,  and  .the  great  alluvial 
flat  of  Surat  and  Broach  in  eastern  Gujardt,  consists  of  this  soil.  The- 
soils  of  AhmaddMd  arc  light  coloured,  but  regur  occupies  the  surface  of 
the  depression  lying  between  Ahmaddb&d  atid  K  at  hid  war,  .and  connecting 
tne  head  of  the  Gulf  of  Cambay  with  the  Rann  of  dutch.1  ■  "  •  :  ■ 

1  Rogers,  Quart,  Jtmr.  Or»l.  S»eH  XXIV,  «8,(  18/0);  ' 
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India,  and  compared  it  to  the  deposits  in  tanks,  and  to  the  mod  of  the  ' 
Nile.  Mr.  H.  F.  Blanford  suggested 1  that  the  cotton  $oil  of  Triehinopoli,  * 
had  accumulated  in  lagoons  or  backwaters  near. the  sea,  and  he  showed-  - 
that  in  one  place,  near  Pomlichcm,  regur  was  actually  being  formed.,  • 

?n  a  nearly  dry  lagoon  separated  from  the  sea  by  a  sand  spit.  Messrs, 
King  and  Foote,  on  the  other  hand,  considered*  it  more  probable  that  the  -  ■ 
Trichinopoli  regur  was  a  fresh  water  deposit  accumulated  in  marshes,  (t 
has  since  been  shown  s  that  a  complete  passage  takes  place  in  the  neigh¬ 
bourhood  of  Surat  between  tire  deposits  formed  in  tidal  estuaries  and  the 
regur  of  the  surrounding  country,  and  it  appears  probable  that  much  of 
the  black  soil  of  eastern  Gujardt  may  have  been  originally  a  marine  or 
estuarine  (brackish  waterj  formation.  On  the  other  hand,  His  lop4  object- 
ed  to  the  theory  of  formation  by  deposition  in  water,  and  he  appears  to  ■ 
have  been  the  first  to  suggest  that  regur  may  really  be  of-  subaertal  origin 
and  due  to  the  impregnation  of  certain  argillaceous  soils  by  organic 
matter.  This  appears  to  be  the  most  probable  theory ;  there  can  be  no  /. 
doubt  that  some  Conns  of  regur  originate  from  the  decomposition  of  basalt  1 
m  situ ,  others  from  the  disintegration,  of  other  argillaceous  rocks,,  whilst 
other  varieties  again  were  originally  alluvial  days  formed  in  river  valleys,  ;  ■ 
or  deposited  in  fresh  water  marshes,  estuarine  flats,  or  salt  water  lagdons,  ; 
The  essential  character  of  a  dark  colour  appears  due  in  all  cases  to  the 
admixture  of  organic  matter,  and  perhaps  the  presence  of  a  small  quantity  - 
of  iron.  It  is  far  from  improbable  that  most  of  the  b'ack  soil  flats  of  India 
were  covered  with  luxuriant  forest,  before  the  vegetation  was  annually  ' '  ' 
exposed  to  the  effects  of  fire.  The  increased  dampness  of  the  soil,  the 
protection  from  denudation  by  rain,  and  the  supply  of  decomposing  vege- .  '  . 
table  matter  may  have  contributed  to  the  Formation  of  the  more  fertile 
forms  of  regur.  That  the  process  .of  regur  formation  is  purely  superficial, 
and  that  it  is  due  to  surface  action  of  a  past  time,  is  well,  seen  in  many 
of  the  regur  plains  with  a  slightly  undulatksg  contour.  In  such.places  the  ♦ 
earth  is  black  mi  the  flats  above,  where  the  superficial  layer  has  not  been 
washed  away,  brown  where  the  wash  of  rain  has  swept  away  the  surface 
soil,  and  the  black  soil  washed  from  the  sides  of  the  hollows  has  frequently 
accumulated  towards  the  lower  portion  of  them.  -  / 

The  abrupt  termination  of  regur  in  places  at  the  edge  of  the  trap  ' 
country  is  simply  due  to  the  change  from  an  argillaceous  soil  to  a  sandy 
one.  The  basalt  appears  generally  to  decompose  into  a  highly  aluminous, 
substance,  the  met  ;r  orphic  rocks,  on  the  other  hand,'  produce  sand  to  a  . . 
large  extent.  At  the  same  time  it  should  be  stated  that  it  is  not  quite  - 

clear  why  argillaceous  deposits  should  have  become  regur  in  .Southern 
India,  whilst  nothing  of  the  kind  is  known  in  Bengal,  except  in  the  basal- 

-u  Memoirs,  IV,  191,  (1863).  j  *  Records,  Vtlt,  50,  (187s).  .  -  • 

'■  *  Afe-wci'rSt  IV,  357,  (1864).  1  *  JFo&r.  Bom.  JSr,  Rap,  As*  Sitei9  V ,  tfi ,  (t  837)*-  '  - 


BLOWN  SAND. 


Chap.  XVI.  ] 


4!5 


tic  region  of  the  R3jmaMI  hills.  A  dark  coloured  soil  certainly  forms  in 
the  marshes  of  eastern  India,  but  it  has  not  the  character  of  regur,  and 
no  cotton  soil  has  been  noticed  in  the  dense  forests  of  Chutid  Ndgpur  and 
Bastdr,  nor,  except  on  the  surface  of  basalt,  in  the  forest-clad  plains  of 
Buima.  It  is  doubtful  whether  true  regur  occurs  on  the  Malabar  coast 
between  Bombay  and  Cape  Comorin,  and  the  marshy  soils  on  the  top  of 
the  Sahyadri  range  do  not  form  cotton  soil.  The  black  soil  plains  appear 
to  be  ‘almost  confined  to  those  parts  of  India  which  have  a  moderate  rain- 
tall,  not  exceeding  about  50  inches,  but  it  is  impossible  to  say  whether 
this  is  a  necessary  condition. 

It  may  then  be  stated  that  regur  has  been  shown  on  fairly  trustworthy 
evidence  to  result  from  the  impregnation  of  certain  argillaceous  forma¬ 
tions  with  organic  matter,  but  that  the  process  which  has  taken  place  is 
imperfectly  understood,  and  that  some  peculiarities  in  distribution  yet 
require  explanation, 


True  peat  forms  in  the  hollows  on  the  Nflgiris  and  some  of  the 
other  mountains  in  Southern  India,  such  as  the  Shevaroys,1  at  elevations 
above  4,000  feet,  and  its  formation  is  due,  as  in  temperate  climates,  to  the 
growth  and  decomposition  of  a  moss.  In  the  marshes  of  the  Gangetic 
delta  an  inferior  kind  of  peat  is  also  formed  by  the  decomposition  of 
various  aquatic  plants,  and  especially  of  wild  rice.8  The  peat  like  beds 
found  so  widely  distributed  in  the  neighbourhood  of  Calcutta  at  a  little 
depth  below  the  surface  appear  to  be  derived  from  the  decomposition  of 
forest  vegetation.  A  somewhat  similar  substance  has  been  obtained  from 
beneath  a  marsh  in  Oudh.8 


Sand  drifted  by  the  wind  forms  low  hillocks  on  many  parts  of  the 
#  Indian  coast.  A  series  of  parallel  ridges  of  sand  hills  along  the  shore 
of  Orissa  has  been  supposed  to  mark  successive  positions  of  the  shore  line. 
A  similar  tract  of  blown  sand  is  found  north  of  Orissa  in  the  Midnapur 
district,  and  southwards  at  intervals  throughout  the  whole  of  the  east  coast. 
The  sand  is,  of  course,  derived  from  the  sea  shore  and  blown  up  into  ridges 
at  right  angles  to  the  prevailing  wind,  with  their  longer  slope  to  windward 
and  a  shorter  and  steeper  surface  to  leeward.  Smaller  patches  of  sand  are 
sometimes  found  on  the  banks  of  backwaters.  The  sand  hills  frequently 
extend  for  two  or  three  miles  inland  from  the  coast,  and  in  such  cases  the 
inner  ridges  are  covered  with  a  peculiar  vegetation,  amongst  which  the 
cashewnut  tree  {Anacardium  occidentale )  and  a  screw-pine  (f  and  anus)  are 
conspicuous,  and  in  some  cases  between  the  parallel  ridges  coinciding  in 
direction  with  the  coast  the  ground  is  flat,  and  even  occasionally  marshy, 

1  Foote,  Memoirs ,  XII,  252,  (iS-,6). 

8  Jour.  As.  Soc.  Beng.s  XXIII,  400,  (1854). 


1  Pros.  As.  Soc.  Beng.,  1865,  p.  85. 
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are  composed  principally  of  the  same  types  of  accumulation  as  are  seen  in 
the  smaller  valley  plains  around  Quetta. 

First  among  these,  as  being  the  oldest,  is  a  series  of  usually  more  or  less 
bright  red  clays,  sands  and  gravels  which,  in  some  of  the  publications  of 
the  .Geological  Survey,1  have  been  regarded  as  tertiary,  and  have  been 
coloured  as  such  on  the  accompanying  geological  map,  but  although  it  is 
possible  that  they  may  belong  to  the  newest  portion  of  that  period,  they 
are  so  intimately  connected  with  the  recent  deposits  that,  as  has  already 
been  noticed,2  it  is  more  convenient  to  describe  them  in  this  place  rather 
than  in  what  might  be  regarded  as  their  more  proper  place.  These  deposits 
are  frequently  undisturbed,  especially  towards  the  centre  of  the  valley  plains 
and  are  then  difficult  to  distinguish  from  more  recent  deposits,  except  that  the 
latter  are  seldom  so  deep  a  red  in  colour.  More  usually,  however,  they 
have  undergone  some  slight  disturbance,  which  has  enabled  the  drainage  to 
cut  into  them  and  form  an  irregular  surface  dotted  with  small  hills,  devoid 
of  soil  or  vegetation,  owing  to  the  saline  nature  of  the  clays  and  the  steep¬ 
ness  of  their  slopesr  Towards  the  margins  of  the  valleys  where  these, 
deposits  abut  against  the  hills,  they  are  sometimes  tilted  up  at  high  angles 
of  dip,  as  in  the  Masbalak  range  west  of  Quetta. 

1  hough  they  occur  in  close  proximity  to  typical  Siwdliks,  no  actual  con¬ 
tact  section  has  yet  been  found,  but  there  are  certain  indications  that  the 
red  clays  of  the  valleys  are  .considerably  newer  than  those  of  the  Siwilik 
system,  and  it  is  certain  that  they  were  deposited  after  the  main  features 
of  the  orography  had  been  marked  out  by  disturbance  and  erosion.8 

The  most  important  of  the  recent  deposits  of  these  plains  are  the 
extensive  gravel  slopes  at  the  foot  of  the  hills,  and  the  loess. 

The  great  gravel  slopes,  or  dhdman,  which  everywhere  fringe  the 
foot  of  the  hills,  and  often  reach  a  width  of  many  miles  in  this  compara¬ 
tively  rainless  country,  form  one  of  the  most  conspicuous  features  in  the 
*  scenery  of  the  more  open  parts  of  the  hill  country  west  of  the  Indus- 


Fig,  21. — Diagram  illustrating  the  theory  of  the  karez,  PP  =  Iimit  of  permanent  saturation  of 
subsoil  ;  K.K-kar ez. 

They  occur  as  great  inosculating  fans,  spreading  with  a  slope  of  300  to 
600  feet  per  mile  from  the  mouths  of  the  stream  valleys.  It  is  into  these 


1  C.  L.  Griesbsch,  Me 
(1881)  ;  W.  T.  Blanford, 
(.883). 

s  Supra,  p.  319. 
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K, •routs,  XXV,  36,  (1892)  ;  see  also  Memoirs, 
XVIII,  18  (1881;  ;  XX,  115,  (1883). 


to  great  plains  like  that  of  Thai  Chotvili.  In  the  Kachi,  as  the  plain 
south  of  Sibi  is  called,  the  deposits  of  the  plain  appear  to  be  principally 
wind  blown  loess,  more  or  less  mixed  with  true  alluvium. 

Closely  connected  with  tbc.trne  loess  is  a  more  or  less  finely  stratified 
type  of  deposit,  which  is  formed  in  the  low  lying  parts  of  the  loess  plain. 
After  every  heavy  shower  the  drainage  from  the  higher  parts  of  the  plain, 
ns  well  as  from  the  surrounding  hills,  collects  in  these  depressions,  whence 
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appear  too  coarse  for  lacustrine1  deposits,  the  silt  may  be,  in  part  at  least, 
a  later  deposit.  - 

The  posttertiary  deposits  are  quite  unconformable  to  the  Si  wall  k 
rocks,  which  had  been  greatly  disturbed  and  denuded  before  the  later 
beds  were  formed.  These  later  beds  them“elves,  however,  are  occasionally 
found  dipping  at  a  considerable  angle,  due,  it  is  said,  to  original  deposi¬ 
tion.  'I he  pebble  beds  ate  found  around  Rawalpindi  and  in  the  neigh- 
bourhqod  of  the  Indus;  they  overlie  the  Rofds  gorge  near  Jehlam,  occur 
on  some  of  the  Salt  range  plateaux,  and  cap  the  mountain  above  Kila- 
bdgh  on  the  Indus.  They  are  found  at  a  considerable  elevation  above  the 
present  river  beds,  some  fragments  of  crystalline  rocks  in  the  neighbour¬ 
hood  of  the  Indus,  apparently  brought  down  by  the  stream,  having  been 
observed  2,000  feet  above  the  river. 

The  large  blocks  attributed  to  ice  flotation  appear  to  have  been  derived 
from  the  Himalayas.  They  are  abundant  along  the  Indus  as  far  up  as 
Amb  on  the  left  bank  of  the  river,  in  the  gorge  of  the  Siran  and  for  some 
miles  below  Attock,  around  Jhand  about  twenty  miles  farther  south,  and 
farther  still  to  the  southward  near  the  village  of  Trap  on  the  lower  course 
of  the  Sohin.  Some  of  the  blocks  measure  nearly  50  feet  in  giith  and 
others  are  even  larger.  In  places  such  blocks  have  been  found  20  miles 
away  from  the  banks  of  the  Indus. 

The  Indus,  as  is  well  known,  is  subject  to  extraordinary  floods,  due  to 
a  portion  of  the  upper  valley  becoming  blocked  by  landslips  (or  according 
to  some  by  glaciers)  and  to-  the  sudden  destruction  of  the  barriers  thus 
formed.  Such  floods  occurred  in  1841  and  1858,  and  have  doubtless  taken 
place  in  past  ages.1  In  the  flood  of  1841  the  waters  of  the  Kdbui  river 
were  checked  and  forced  backwards  for  twenty  miles  by  the  rise  of  the 
Indus,  and  Drew  has  shown  that  the  lake  in  Gilgit,  formed  by  the  landslip 
in  1840-41,  must  have  been  35  miles  long  and  upwards  of  300  feet  deep. 

*  Enormous  quantities  of  detritus  must  be  carried  down  by  the  violent 
floods  produced  by  the  bursting  of  such  barriers,  and  if,  as  appears 
probable,  the  low  temperature  of  the  glacial  epoch  was  felt  in  India,  such 
lakes  at  an  elevation  of  5,000  or  6,ooo  feet  above  the  sea  would  have  been 
deeply  frdzen  in  winter,  and  large  blocks  from  the  river  bed  and  dam  might 
easily  have  been  imbedded  in  the  ice,  glaciers  also  in  the  north-western 
Himalayas  must  have  been  more  extensive  than  they  now  are,  and  the 
formation  of  lakes  dammed  up  by  glaciers  was  probably  of  more  common 
occurrence  than  at  the  present  day.  Shaw  *  has  called  attention  to  the 
occurrence  of  heaps  of  stone  and  gravel  of  all  sizes  brought  So  miles  down 

1  For  accounts  ot  these  floods,  see  Cunning-  j  jially  Drew,  Jummooand  Kashmir  Territories, 
ham’s  Ladak,  London,  1854;  Montgomerie,  Jour.  1  London,  1875,  p.  44.  Numerous  references  to 
cts.  Sac.  .Beg.,  XXIX,  128,  (i860);  Shaw,  High  other  accounts  are  given  by  the  last  named 
Tartary,  Yarkand,  and  Kashghar,  London,  1871J  writer, 
p.  433,  etc,  and  Appendix,  p.481  ;  and  espe-  ’  l,  c.,  p.486. 
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iha  Shitvak.  one  of  the  Iribularirs  of  tin:.-  upper  Indus  in.  Laddkh,  by  blocks 
of  ice,  and  a  similar  action  on  a  larger  scale  on  the  Indus  may  easily  have 
supplied  the  erratics  of  the  upper  Punjab.  If  the  Potttir  was  a  lake,  the 
dispersion  of  the  erratic  blocks  is  easily  understood  ;  if  not,  the  area  over 
-•rlnch  the  masses  of  rock  are  found  may  be  due  to  variations  in  the  course 
of  the  Indus,  and  the  reversed  flow  of  its  tributaries  in  great  floods.. 

In  one  locality  near  Fatehjang  a  number  of  land  and  fresh  water  shells’ 
were  found  in  silt,  apparently  the  game  as  that  in  which  boulders  .are  else¬ 
where  imbedded.  The  species  found,  including  Lt/mnea  rnfestens ;  Plan - 
orbis  exustus,  Paludina  bcngalensis,  By  thin  ia  pulchella,.M  elan'ia  tuber . 
cnlata ,  Bnlimns  insularis,  Opens  gracilis ,  etc.,  are  the  same  as. are  now  , 
common  in  the  country,  and  it  appears  doubtful  if  they  would  have  sur- ' 
vived  any  very  great  diminution  of  temperature.  At  the  same  time  it  is 
possible  that  the  beds  containing  shells  may  he  of  later  date  than  those 
with  boulders.1 


The  recent  and  subrecent  deposits  in  the  Himalayas  are,  represented 
by  lacustrine  deposits,  moraines,  talus  accumulations,  and  more  conspi¬ 
cuously,  by  the  river  gravels  abundantly  developed  in  nearly  every  valley, 
as  well  as  along’the  outer  foot  of  the  range.  So  far  as  these  require  notice  , 
in  this  work,  they  will  be  referred  to  in  the  chapter  devoted  to  the  Hima¬ 
layan  range,  but  there  are  three  larger  expanses' of  recent  and  subrecent. 
deposits  in  Kashmir,  Hundes  and  Nepdl  which,  being  extensive  enough, 
to  be  depicted  on  the  accompanying  geological  map  of  India,  require  some 
description  of  their  principal  characteristics. 

The  alluvial  basin  of  Kashmir  has  a  length  of  about  84  miles  with  a 
breadth  of  some  20  to  25,  and  is  in  part  occupied  by  low  lying  alluvial 
deposits,  not  much  raised  above  the  level  of  ’ the  Jehlam  river,  but  prin¬ 
cipally  by  older  deposits  forming  elevated  plateaux  on  the  borders  of  the 
alluvial  plain  and  islands  rising  from  it  These  elevated  plateaux  of 
alluvial  and  lacustrine  deposits  are  locally  known  as  Karma,  a  name 
which  has  been  adopted  for  the  deposits  of  which  they  are  formed.  ,  , 

The  Karewa  deposits  consist  principally  of  sand  and  shingle,  with 
some  fine  grained  clayey  silt  towards  the  centre  of  the  valley  ;  the  beds  are 
for  the  most  part  horizontal  or  slope  with  a  gentle  dip,  which  is  probably’ 
merely  tbe  original  slope  of  deposition,  but  near  the  flanks  of  the  Pfr 
Panjal  they  dip  away  from  the  hills  at  angles  rising  to  20°. 

The  best  published  descriptions  of  these  beds  are  those  of  Colonel 
Godwin-Austen 2  and  Mr.  Drew',3  by  both  of  whom  they  are  regarded  as  of 
lacustrine  origin,  an  opinion  also  adopted  by  Mr.'Lydekker*  but  difficult 
to  accept  in  its  entirety.  It  is  very  probable  that  some  of  tbe  finely  bedded 
1  Theobald,  Retards,  X,  141,  (1877).  1  1  Jummoo  and  J^ashmir  Territories,,  p.  210. 

*  Quart-  Jom.  Geol.  Soe.,  XX,  383,  (1864)-  I  *  3feMm>s,XX\l,  72,  (1*63).  ’  ■ ' 
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fine  grained  deposits  described  by  Colonel  Godvvin-Austen  were  deposited 
in  still  water,  but  the  frequent  alternations  of  beds  of  shingle  with  sand 
and  the  layers  of  lignite  from  one  to  three  inches  in  thickness,  point  to 
subaerial  conditions  of  formation.  Even  the  presence  of  true  lacustrine 
deposits  does  not  prove  that  the  whole  of  the  Kashmir  lake  basin  was  ever 
occupied  by  a  lake.  This  rock  basin  was  probably  gradually  formed  by  a 
deformation  of  the  earth’s  crust,  and  the  hollow  so  produced  was  filled  up 
almost,  if  not  quite,  as  soon  as  formed.  At  the  present  day  true  lacustrine 
deposits  are  being  formed  in  those  places  on  the  northern  limit  of  the 
valley  where,  owing  to  a  deficiency  of  deposition,  hollows  have  been  left 
in  which  water  has  accumulated,  and  it  is  probable  that  the  conditions 
have  been  much  the  same  as  at  present  throughout  the  geological  history 
of  the  Kashmir  valley,  and  that  a  minor  area  of  true  lacustrine  deposits  has 
been  accompanied  by  a  greater  area  where  subaerial  accumulation  of  sedi¬ 
ment  has  been  in  progress. 

It  is  possible  that  some  of  the  older  beds  of  the  karewas  may  be  con¬ 
temporaneous  with  part  of  the  upper  Siwdliks,  but  the  only  fossils  yet 
found,  besides  undetermined  fish  scales  and  plant  remains,  have  been  land 
and  fresh  water  shells,  all  apparently  belonging  to  living  species. 

The  only  other  valley  at  all  comparable  with  that  of  Kashmir  is  Nepdl.1 
The  superficial  differences  correspond  with  those  that  mark  the  struc¬ 
tural  characters  of  the  two  regions;  both  are  longitudinal  valleys,  lying  in 
the  general  strike  of  the  strata,  but  the  clear  open  ov.al  area  of  Kashmir 
approximately  coincides  with  the  elliptical  synclinal  depression  of  the 
calcareous  upper  palaeozoic  strata.  Nepdl,  on  the  contrary,  is  rather  a 
group  of  confluent  valleys,  with  high  dividing  spurs  in  both  directions.  On 
the  prolongation  of  the  strike  of  the  rocks  there  is  a  continuation  of  the 
special  excavation  of  the  mountain  zone,  and  the  rocks  of  this  zone,  being 
prevailingly  calcareous,  has  suggested  the  conjecture  that  the  feature  is 
primarily  due  toeiosion  by  solution,  as  may  also  he  the  case  with  Kashmir. 
Another  cause,  however,  and  the  proximate  one  of  the  formation  of  a  lake- 
basin  in  Nepdl,  was  probably,  in  part,  a  relative  rise  of  the  hills  on  the 
south,  for  here  also  the  bottom  beds  of  the  valley  deposits  have  undergone 
local  disturbance  on  this  side. 

These  deposits  correspond  very  closely  with  those  of  Kashmir.  There 
is  no  remnant  of  a  lake,  but  the  other  features  are  alike.  An  extensive 
upland  area,  known  as  tanr  land,  corresponds  to  the  karevsa  of  Kashmir, 
and  to  the  b hangar  of  the  Gangetic  plains.  It  is  the  surface,  of  the  old 
deposits,  no  doubt  considerably  modified  by  waste  in  the  central  parts, 
and  by  rain  wash  accumulations  near  the  hills.  The  streams  flow-  at  a 
depth  of  from  50  to  500  feet  below  this  surface,  according  to  position,  bat 
1  H.  B  Medlicott,  Rrctds,  VIII,  93,  (1875) 
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here,  as  in  Kashmir.  they  are  nmv,  for  the  most  part,  subject-  to  overflow, 
and  thus  form  the  alluvial  valleys,  known  as  kkolds,  tor-responding  Co  the 
khMit  land  of  the  plains.  Beds  of  serviceable  peat,  much  used  for  brick 
and  lime  burning,  occur  at  various  levels  in  the  valley  deposit's,  and  there  ' 
is  also  a  blue  clay,  extensively  used  for  top  dressing  the  fields,'  wbc»e 
fertilising  virtue  seems  to  be  due  to  the- phosphate  of  iron  (Vivianite) 
freely  scattered  through  it  in  blue  specks.  No  fossil  remains  have  as  yet 
been  found  in  any  of  these  deposits.  '  -  , 

The  subrecent  deposits  of  Hundes  occupy  an  area  of  some  iao  miles 
long  by  from  15  to  60  miles  broad  in  the  upper  valley  of  the  Sutlej,  which 
now  flows  in  a  deep  and  narrow  gorge,  not  much  less  than  3,000  feet  deep,' 
cut  through  the  horizontal  deposits  it  had  formed  at  an, earlier  period  of 
its  history.  '  -  - 

Our  knowledge  of  these  beds  is  almost  entirely  dependent  cn.  the  ■ 
description  of  the  two  brothers  Richard  and  Henry  Slrachey.  It  seems 
possible,  from  an  observation  of  the  latter  of  these,  that  the  deposits  are  in 
part  of  lacustrine  origin,  for  he  mentions  that,  in  the  central  part  of  the 
valley,  the  cliffs  exhibit  throughout  their  height  a  fine  homogeneous  clay, 
with  but  little  gravel  in  it.  There  is  some  inherent  probability  in  the  sup¬ 
position  that  part  of  these  deposits  were  formed  in  local  accumulations  of 
water,  but  there  is  nothing  to  show  that  the  whole -of  them  might  not  be  of 
subaerial  origin,  as  it  is  almost  certain  that  the  bulk  of  them  might  have  been. 

But  the  chief  interest  of  these  deposits  attaches  to  the  mammalian, 
fossils  they  contain.  These  have  long  been  known,  though  it  was  only 
within  late  years  that  their  derivation  from  the  horizontal  gravels  was 
definitely  determined  by  Mr.  C.  L.  Griesbaeh,1  The  earlier  specimens, 
brought  across  the  frontier  as  curiosities  by  the  Tibetan  traders,  had  been 
regarded  as  tertiary  by  the  late  Dr,  Falconer,  who  considered  that  the 
beds  had  undergone  considerable  elevation  since  their  formation.  -  A 
more  recent  revision  of  the  fauna  by  Mr.  Lydekker *  renders  the  reten¬ 
tion  of  this  opinion,  itself  improbable  on  account  of  the  horizontality  of 
the  deposits,  impossible.  With  the  exception  of  Hippotheriiim,  which  was 
determined  by  Mr.  Waterhouse  from  specimens  brought  by  Sir-  R.  Strachey  ' 
though  it  is  questionable  whether  the  materials  were  sufficient ,  for  its  - 
determination,  only  living  genera  are  known ;  of  these  Bos,  Ov/s  [?), 
Capra,  and  Equus  are  genera  still  living  in  the  highlands  of  'Tibet. 
Hyaena  is  not  at  present  known  in  Tibet,  though  there  is  no  reason  why 
it  should  not  formerly  have  ranged  into  high  altitudes,  and,  besides,  the 
correctness  of  the  determination  is  open  to  question.  There  remains  the 
genus  Rhinoceros,  which  points  to  a  warmer  climate  and  a  lower  altitude 
than  that  in  which  the  remains  are  found,  it  is,  however,  not  impossible 
'Retards,  XII!,  91,  (1880),  j  '  » Records,  XIV,  178,  (188c)  ■ 
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for  a  Rhinoceros,  especial]}’  one  of  small  size,  to  have  lived  on  the  bushes 
which  grow  in  the  neighbourhood  of  many  of  the  Tibetan  rivers,  while  the 
doubtful  evidence  of  this  genus  is  more  than  outweighed  by  the  fragment 
of  a  skull  figured  by  Rovle,1  which  agrees  so  closely  with  that  of  Pantholops 
hodgsoni  that  there  can  be  little  doubt  of  at  least  generic  identity,  and 
Pantholops  is  a  genus  peculiar  to  the  most  elevated  and  coldest  portions  of 
Tibet.  It  is  consequently  more  probable,  so  far  as  the  palaeontological 
evidence  goes,  that  the  subrecent  deposits  of  Hundes  were  formed  at  or 
near  the  elevation  at  which  they  are  now  found  than  that  they  were  formed 
at  a  much  lower  level  and  subsequently  elevated  without  undergoing  any 
disturbance. 


In  the  hills  east  of  India  there  are  some  rock  basins  occupied  by  allu¬ 
vial  deposits,  of  which  the  best  known  is  that  of  Manipur.  About  50  miles 
long  by  20  broad,  of  an  irregular  shape,  with  many  small  hills  rising  like 
islands  from  the  alluvial  plain,  it  is  not  surprising  that  it  should  be  gener- 
ally  regarded  as  a  filled  in  lake.  There  are,  however,  no  real  reasons  for 
supposing  that  any  large  proportion  of  the  valley  was  ever  occupied  by 
deep  water.  There  are  no  terraces  round  it  such  as  would  have  resulted 
from  the  lowering  of  the  outlet  of  the  lake  during  the  long  period  occu¬ 
pied  by  its  filling  up.  The  deposits  are  all  of  ordinary  alluvial  type,  and 
the  courses  of  the  streams  show  that  the  present  surface  is  the  result  of  the 
gradual  subaerial  formation  of  an  alluvial  plain.  The  elevation  of  the  sur¬ 
rounding  hills  is,  geologically  speaking,  of  comparatively  recent  date,  prob¬ 
ably  not  dating  further  back  than  the  latter  portion  of  the  tertiary  period, 
and  it  is  probable  that  the  origin  of  the  Manipur  basin  was  gradual,  and  that 
the  active  erosion  of  the  surrounding  hills,  due  to  abundant  rainfall,  caused 
it  to  be  filled  up  as  fast  as  it  was  formed,  with  the  exception  of  insigni¬ 
ficant  areas  that  partially  escaped  sedimentation,  and  were  occupied  by 
shallow  lakes. 

The  upper  waters  of  the  Chindwin  (Kyin-dwin)  river  drain  a  number 
of  alluvium  filled  valleys,  the  largest  of  which,  on  the  upper  part  of  the 
Chindwin  itself,  is  known  as  the  Hukong  valley,. while,  in  the  hills  west  of 
the  Chindwin,  there  are  the  Kubo  valley  and  those  south  of  it.  No  details 
are  at  present  known  regarding  these  alluvial  spreads  of  Upper  Burma,  as 
no  detailed  geological  investigations  have  yet  been  possible,  but  in  Lower 
Burma  more  extended  investigations  have  been  made,  and  it  is  possible 
to  distinguish  posttertiary  deposits  of  two  distinct  periods. 

Along  the  margin  of  the  Irawadi  and  Sittaung  alluvium,  there  is  a 
broad,  but  interrupted,  belt  of  undulating  ground,  clearly  distinguished 

1  Illustrations  of  the  Botany,  etc.,  of  the  |  fig.  1.  The  original  specimen  cannot  now 
Himalaya  Mountains.  4°  London,  1839,  pi.  lit.  I  be  found. 
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from  the  flat,  alluvial  plains  near  ihe  river  both  by  the  greater  inequality  . 
of  its  surface  and  by  its  more  sandy  character.  This  tract  is  locally 
known  as  Eng-dain,  or  the  country  of  the  Eng.  tree  (Difiterocarpus 
grand ijlom ),  but  the  same  name  is  naturally  applied  to  the  very  similar 
sandy  tracls  occupied  by  the  pliocene  fossil  wood  group,  so  that  the 
popular  distinction  does  not  precisely  coincide  with  the.  geological  limits 
of  the  formation. 

'Ihe  Eng-dain  tract  is  composed  chiefly  of  gravel,  derived  in  a  large  ' 
measure  from  the  neighbouring  hills,  but  partly  from  a  distance.  A  por¬ 
tion  of  the  deposits,  like  the  bhdbar,{\ te  edge  of  the  Ganges  valley,  may 
simply  be  the  detritus  washed  from  the  surface  of  the  hills  by  rain  and 
small  streams  to  form  a  slope  at  the  base  of  the  range,  but  in  Pegu,  as  . 
in  other  countries  with  a  heavy  rainfall,  this  slope  is  inconsiderable,  arid  a 
great  portion  of  the  alluvial  gravels  are  simply  stream  and  river  deposits. 
Similar  beds  of  sand  and  gravel  arc  found  in  many  places  underlying  the 
argillaceous  delta  deposits  of  the  Irawadi,  and  are  evidently  of  more 
ancient  origin.  ’ 

Besides  the  fringe,  of  variable  width,  formed  by  the  gravels  along  the 
edge  of  the  older  rocks,  large  tracts  of  the  same  older  alluvia!  deposits  are 
found  in  places  isolated  in  the  delta,  occasionally  forming  ground  raised 
lo  a  considerable  height  above  the  flat  country  around.  One  such  tract, 
about  20  miles  long  from  north-east  to  south-west,  by  to  miles  broad, 
occurs  east  of  Nga-pu-tau  and  south  of  Bassein;  another,  of  about  the  same 
dimensions,  lies  south-west  of  Rangoon.  These  areas  may  be  ancient 
bldngar  deposits,  or  they  may  be  caused  by  local  upheaval.  .  '  ■ 

Except  in  the  immediate  vicinity  of  the* river  channel,  there  is  ho 
important  expanse  of  alluvia!  deposits  in  the  valleys  of  the  Burmese  rivers;, 
the  beds  of  all,  immediately  above  their  deltas,  are  formed  in  places  by. 
older  rocks,  and  there  is  no  such  continuous  alluvial  plain  as  is  found 
along  the  course  of  the  Ganges  and  Indus.  Small  tracts  of  alluvium  Occur, 
as  usual,  every  here  and  there,  but  the  wide  undulating  plains  in  the 
neighbourhood  of  the  river  in  Upper  Burma  are  largely  composed,  not 
of  river  alluvium,  but  of  the  pliocene  fossil  wood  deposits,  ■  • 

Compared  with  the  Gangetic  and  Indus  deltas,  those  of  the  Irawadi 
and  other  Burmese  rivers  convey  an  idea  of  imperfection  and  backward¬ 
ness,  as  though  the  latter  were  of  more  modern  growth  than  the  former, 
and  had  made  less  progress  towards  the  formation  of  a  great  fertile  plain'. 
The  Sal  win  cannot  be  said  to  have  any  delta  at  all,  and  in  the  irawadi 
delta,  as  has  already  been  mentioned,  elevated  tracts,  both  of  rock  and  of 
the  older  alluvial  deposits,  occur  in  the  neighbourhood  of  the. sea.  .Con-" 
sidering  the  size  of  the  river,  the  Sittaung.  delta,  if  the  alluyial.pl.ain- ex¬ 
tending  to  the  northward  beyond  Taung-ngu  (To'ngbob)  be  included,  is 
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proportionally  more  extensive  than  that  of  the  Irawadi,  but  still  the  broad 
Gulf  of  Martaban  extends  into  the  very  mouth  of  the  Sittaung  river. 

The  Irawadi  delta  extends  from  the  Rangoon  river  to  the  Bassein 
river,  and  the  head  of  the  delta  may  be  placed  near  Myanaung.1  The 
first  important  distributary — that  forming  the  head  of  the  Bassein  river — 
leaves  the  main  river  a  little  above  Henzdda,  but  water  overflows  in 
floods  some  miles  above  Myanaung,  and  finds  its  way  to  the  sea  by  the 
Myit-ma-kha  Khyaung,  the  origin  of  the  Rangoon  river.  The  various 
rivers  and  creeks  of  the  Irawadi  delta  are  said  to  be  far  less  liable  to 
change  than 'those  of  the  Ganges  and  Indus,  but  it  must  be  remembered 
that  the  authentic  history  of  the  latter  rivers,  and  especially  of  the 
Indus,  extends  much  farther  back  than  does  that  of  the  Irawadi.  The 
general  surface  of  the  delta  near  the  sea,  with  the  exception  of.  the 
higher  tracts  already  mentioned,  differs  but  little  in  elevation  from  that 
of  the  great  Indian  rivers  and  Mr.  Theobald  considers  that  at  least  2,000 
square. miles  must  be  below  the  level  of  high  spring  tides.  Large  marshes, 
or  jhils  (“  eng ”  in  Burmese),  are  found  occupying  the  depressions  between 
the  raised  banks  of  the  principal  streams,  and  the  whole  region,  especial¬ 
ly  in  the  neighbourhood  of  the  sea,  consists  of  a  network  of  the  tidal  creeks. 
Little  appears  to  be  known  as  to  the  progress  of  the  delta  seaward, 
judging  by  the  contour  of  the  coast,  it  would  appear  that  the  Irawadi, 
owing  to  its  far  greater  sire,  and  perhaps  to  the  larger  proportion  of  sill- 
transported  by  its  waters,  had  pushed  its  delta  seaward  far  beyond  the  Sit- 
taung.  The  Salwfn  traverses  for  the  most  part  an  area, of  hard  metamor- 
phic  rocks,  and  probably  brings  down  but  little  detritus,  so  that  the  con¬ 
version  of  the  Gulf  of  Martaban  into  land,  if  it  is  ever  to  be  effected,  must 
depend  largely  upon  the  deposits  from  the  Irawadi. 

The  alluvial  plain  and  delta  of  the  lower  Irawadi  consist  mainly  of 
a  clay  *  very  similar  to  that  found  in  the  Gangetic  plain,  but  containing 
much  less  lime,  and  consequently  poor  in  kankar.  The  colour  is  gene¬ 
rally  yellowish  brown,  sometimes  reddish,  owing  to  the  presence  of 
peroxide  of  iron.  The  proportion  of  sand  varies,  and  is  greater  on  the 
whole  than  in  the  Gangetic  alluvium.  A  few  thin  layers  of  sand  occur 
interstratified.  with  the  clay,  and  a  band  of  dark  blue  or  carbonaceous 
clav,  a  few  inches  in  thickness,  has  been  noticed  in  several  localities. 


1  Mr.  Theobald  considers  Min-gyi,  13  miles 
below  Myanaung,  the  apex  of  the  delta ;  and 
taking  Puriam  point,  east  of  the  Bassein  river, 
and  Elephant  point,  west  of  the  Rangoon 
river,  as  the  two  lateral  angles,  he  estimates 
the  distances  from  Min-gyi  to  Elephant  and 
Puriam  points  as  129  and  176  miles,  respec¬ 
tively,  the  two  points  being  137  miles  apart, 
— Records,  Ill,  21,  ('870). 


*  Mr.  Theobald  considers  this  clay  marine 
or  estuarine,  but  no  fossils  have  been  found  in 
it  and  ins  mailt  arguments,  founded  on  the 
similarity  between  the  clays  of  the  irawadi 
and  Gangetic  deltas,  are  of  course  favourable 
to  the  Auviatilc  origin  of  the  Irawadi  clay,  if 
that  of  the  Ganges  be  also  of  fresh  water 
origin,— -Records,  111,  17,  (1870). 


Art  mouwv  at-  »ndf\--  and  kkckkt.  £ Ohsi»p,  Xft ' 

Tim  In v,  i>7  many  plam,  (iwani*  On;  bead  of  she  deba,  is  seen  to  rest 
Wji-Mi  pebbly  ;.;nul,  a  ltd  the  fatter  is  ftorjuentfy  found  beneath  tiie  «'tey  iftthic 
<kif:i  it  self,  '.veils  being  sank  through  Oh.  atgiiiaecou*  surface  formation 
to  titc.  |,or-'>n.>i  st.rrU.iHii  hemujib,  hi  the  absence  of  any  boring.1},  however, 
si  is  iso{i«.<i-;-.iS(|f!  tasay  wfrat  (He  nature  of  the  beck  at  n  depth  be  tew  the 
sisay  In1,  and  it  is  m.t  clear  whether  the  »aod  is  the  -  underlying 
formation  fhongliont,  or  whether  it  if-  merely  inim-ulated  bet  ween  beds 

On  the  surface  of  the  clay,  in  the  immediate  aeighbourliood  of  the 

river,  rto- j sr>;- its  of  silt  anti  sand  an:  found  in  some  places,  and  resemble 
Oik  khtUfar  deposits  of  tin;  Ganges  valley.  No  extensive  area,  however, 
is  coven'*1,  by  these  sandy  beds.  They  form  a  narrow  belt  along  ilie  river 
channel  above  the  influence  of  the.  tide,  and  occupy  a  rather  larger-  are«t 
around  Pans anau.  The  deposits  of  the  SiUaung  alluvial'  plain  closely 
resemble  those.  of  the  frawadi. 
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Area  and  elevation -Fluviatile  origin  of  the  Gftngetic  plain-Sobrecent  marine  conditions  in 
the  Indus  valley — Character  of  Indo-Gangetic  alluvium — Fossils  in  the  alluvium— Genera! 
features  of  the  Indo-Gangetic  plain— -The  Brahmaputra  valley  —  The  delta  of  the  Ganges 
and  Brahmaputra— The  plains  of  upper  Bengal  and  the  North-West  Provinces -Kalar  or 
Seh — The  Punjab— The  lost  river  of  the  Indian  desert-The  lower  Indus  valley  and 
delta — The  Rann  ot  Cutch — The  desert  of  western  Rajput&na. 


The  immense  alluvial  pi, tin  of  the  Ganges,  Indus,  and  Brahmaputra 
rivers  and  their  tributaries,  the  richest  and  most  populous  portion  of  India, 
covers  an  area  of  about  300,000  square  miles,  and  forms  approximately  one 
fourth  of  the  whole  surface  of  British  India,  exclusive  of  Burma.  The  greater 
part  of  the  provinces  known  as  Assam,  Bengal  (including  Behar),  the  North- 
West  Provinces,  Oudh,  the  Punjab  and  Sind,  are  included  in  the  great  plain 
which,  varying  in  width  from  90  to  nearly  3 00  miles,  entirely  separates  the 
geological  region  of  peninsular  India  from  the  Himalayas  to  the  north,  the 
Suldimdn  and  Kirthar  ranges  to  the  west,  and  the  hill  regions  ot  Assam, 
Tipperah,  and  Chittagong  to  the  eastward.  Owing  to  the  varying  extent 
to  which  the  surface  is  raised  on  the  margins  of  the  area  by  the  detritus 
brought  by  rivers  from  the  hills,  and  the  gradation  between  the  finer  depo¬ 
sits  of  the  plain  and  the  coarser  gravels  forming  the  slope  at  the  base 
of  the  Himalayas,  it  is  difficult  to  estimate  exactly  the  greatest  height  of  the 
plain  above  the  sea.  The  highest  level  recorded  by  the  Great  Trigono¬ 
metrical  Survey  between  the  Ganges  and  Indus,  on  the  road  from  Sabd- 
ranpur  to  Ludhiina,  is  924  feet,1  and  this  may  be  fairly  taken  as  the 


1  The  following  elevations  of  localities  in  the 
indo-Gangetir.  plain  will  afford  some  idea  of 
the  general  height  of  the  surface  above  the 
sea.  The  figures,  except  in  the  case  of  Raj* 
mahdl,  are  taken  from  the  maps  and  published 
sections  of  the  Great  Trigonometrical  Sur¬ 
vey,  with  a  few  additions  kindly  furnished  by 
the  Surveyor  General,  Colonel  Walker.  At 
ail  the  localities  quoted  the  height  is  the 
approximate  level  of  the  plain : — 
Brahmaputra  Valley— 

Sadiya . 440 

Dibrugarh .....  34S 

Sibsagar  .....  319 


Brahmaputra  Valley,— contd. 
Buramukh,  near  Tezpur 
Gauhdti  . 

Goal  para  .... 
Ganges  Valley — 

Bardwdn  . 

Rajmahdi  . 

Benares  . 

Allahdbad  . 

Delhi  . 

Sahdranpur  ,  , 
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summit  lew!  at  Ok;  lowest  pari  of  tin;  watershed  between  the  Indus  and  the 
flanges.  There  Is  no  ridge  of  high  ground  between  the  Ganges  and  Iftdua 
drainage,  and  a  very  trifling'  change  in  the  surface  might  at  any  time  turn 
(he  alilnf'Tils  of  one  river  into  the  other.  It  is  reasonable  to  infer  that 
such  changes  have  taken  place  in  past  limes,  and  that  the  occurrence  of 
closely  allied  species  of  Phthmisln  (a  fresh  water  dolphin- peculiar  to' the. 
Indus,  Ga lines,  and  Brahmaputra)  in  the  two  rivers,  and' of  many  other 
animals  common  to  both  si  reams,  may  thus  be  explained.  ,  . 

An  idea  once,  prevalent  amongst  both  geologists  and  naturalists  was,  that 
the  great  Indian  plain  had  been  an  arm  of  the  sea  in  late  geological  times.1 
It  is  possible  that  this  may  have  been  the  case,  but  there  is  absolutely  no 
evidence  whatever  in  favour  of  such  a  view,  and  some  facts  are  opposed  to 
It,  On  the  southern  flank  of  the  Himalayas,  no  marine  formations  have  been 
discovered  of  later  dale  than  eocene,  and  even  these  are  unknown,  except 
in  one  place  east  of  tho  Ganges, between  the  spot  where  the  Jumna  leaves 
the  Himalayas,  and  the  Giro  hills,  or  throughout  thirteen  degrees  of 
longitude,  whilst  the  later  tertiary  formations,  belonging  to  the  SitvdJik 
system,  contain  fresh  water  Rcptiiia  and  Mollusca,  and  not  a  single  marine 
shell  has  been  found  in  them.  In  Sind  marine  beds  of  miocene  dale  are 
found,  which  become  replaced  by  fresh  water  beds  as  they  hre  traced  up 
the  Indus  Valley,aod  in  the  Salt  range  the  fresh  water  Siwdliks  rest  upon  the  - 
oummulitic  limestone.  It  is  true  that  it  is  impossible  to  tell  what  beds 
may  be  concealed  beneath  the  Indo-Gangetic  alluvium,  and  marine  strata 
may  exist  to  an  enormous  extent  without  appearing  at  the  surface.  It  is 
also  nnquestionable  that  the  amount  of  information  hitherto  derived  from 
borings  is  very  small  indeed,  but  so  far  as  that  information  extends,, 
and  so  far  as  the  lower  strata  of  the  alluvial  plain  have  been  exposed  in 
the  beds  of  rivers,  not  a  single  occurrence  of  a  marine  shell  has  ever 
been  observed,  nor  is  there  such  a  change  in  the  deposits  as  would  render 
it  probable  that  the  underlying  strata  are  marine.  As  will  be  shown 
presently,  the  lowest  deposits  known  in  the  plain  itself  are  of-  postter- 
tiary  age,  and  they  are  certainly  fresh  water,  whilst  the  -  tertiary  deposits 
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1  Hooker,  Himalayan  Journals,  td  ed.,  London, 
1854,  I,  p.  378;  Theobald,  Records,  Ilf,  -  19,  ' 
(1870).  Mr.  Theobald’s  main  argument, 
derived  from  the  clay  at  Pattharghatta,  near 
Ksjtnahd!,  has  been  shown  by  a  re-examination 
of  the  locality  to  be  untenable,  the  deposit  in 
question  being  merely  a  surface  wash,  contain¬ 
ing  fragments  of  bricks  amongst  other  things 
(Memoirs',  XtU,  224,  (1877).  "Dr.  Falconer 
considered  that  tho  Indo-Gangetic  area  was  - 
formerly  an  arm  of  the  sea,  but  that  it  had  been 
converted  into  land  before  the  Siwaiik  epoch, 
— Palest) ntobigkxil  Memoirs,  /,  29. 
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derived  Irum  Un:  soil  beneath  the-  s.nid.  To  the  southward  is  a  great  Hat 
salt  tract  known  as  the  Rami  of  Cutch,  marshy  in  parts,  dry  in  others, 
throughout  the  greater  part  of  the  year,  but  covered  by  wafer  when  the, 
level  of  the  sea  is  raised  by  the  south-west  monsoon  blowing  into  the  Gulf- 
of  Cuich  and  the  old  mouth  of  the  Indus,  and  ail  water  which  runs  off  the 
land  is  thus  ponded  buck.  The  Luni  river,  which  flows  into  the, Ranh,  is, 
except  after  rain,  extremely  salt,  and  salt  is  largely  manufactured  from  the 
salt  earth  at  Pachpadra,  dose  to  the  Luni,  more  than  100  miles  from  the 
edge  of  the  Rann,  and  nearly  300  from  the  sea  -Both  the  present  condition 
of  the  Rann  and  tradition  point  to  the  area  having  been  covered  by  the  sea 
in  recent  times,  and  having  been  filled  up  by  deposits  from  the  streams 
running  into  it,  while  the  occurrence  in  some  of  the  -salt  lakes  near  Umar- 
kot,  150  miles  from  the  sea,  of  an  estuarine  mollusc  Potamides  (Piretiella) 
iayaidi,  common  in  the  salt  lagoons  and  backwaters  of  the  Indian  coast, 
seems  to  indicate  that  these  lakes  were  formerly  in  <  oramtinieation  with  the 
st a.  The  enormous  quantity  of  blotvn  sand,  also,  which'  covers  the  Indian 
desert,  can  only  be  satisfactorily  explained  by  supposing  that  it  was  derived 
from  a  former  coast  line  north  of  the  Rann  and  east  of  the  Indus  valley.1 

It  appears  probable  that  in  postlertiary  times  an  arm  of  ithe  sea  ex¬ 
tended  up  the  Indus  valley  at  least  as  far  as  the  salt  lakes  now  exist,  or  to 
the  neighbourhood  of  Rohri,  and  probably  farther,  and  also  up  the  Luni 
valley  to  the  neighbourhood  of  Jodhpur,  the  Rann  of  dutch  being  of  course 
an  inland  sea.  The  country  to  the  westward' has  been  raised  by  the 
deposits  of  the  Indus,  and  the  salt  lakes  have  been  isolated  by  ridges1  of 
blown  sand,  .  , 

It  is  true  that  along  the  western  margin  of  the  Indus  alluvium  later 
tertiary  (Manchhar)  rocks  are  found,  containing  remains  of  mammalia  and 
precisely  resembling  the  Siwdlik  formation,  and  as  there  is  nevertheless  a 
probability  that  the  lower  lndus  valley,  was  an  arm  of  the  sea  in  postterti- 
ary  times,  it  may  fairly  be  argued  that  the  sub -Himalayan  Siwaliks  arc  no 
proof  that  the  Ganges  valley  was  not  an  inland,  sea  at  the  same  epoch. 
But  in  the  Indus  region  the  representatives  of  the  Siwdliks  ■  pass  down-' 
wards  into  miocene  marine  beds.  In  lower  Sind  the  Manchhar  formation 
itself  becomes  interslratified  with  bands  containing  marine  shells,  and  not 
very  far  to  the  westward,  there  is  a  very  thick  marine  pliocene  formation 
on  the  Baluchistdu  coast,  so  that  there  is  evidence  in  abundance  of  the 
sea  having  occupied  portions  of  the  area  in.  later  tertiary  times,  .whilst 
there  is  no  proof  of  any  such  marine  conditions  in  the  Ganges  plain. 


The  various  deposits  of  the  Iudo*Gangetic plain*  may  be  roughly  classed 
the  North-Western  Provinces,  s  ime  extracts 
from  which  were  published  in  Retards,  III,  17, 
(1870)  i  Mediicott,  Sketch  rff  the  (Oology  .  of 
the  North-Western  Provinces,’  to  3s,  VI,  9, 
(1873),  and  various  pipers  referred  to,'  - 


1  A  description  of  this  area  will  be  found 
at  the  end  of  the  present  chapter, 

*  The  authorities  for  the  following  account 
re  manuscript  reports  by  Mr.  '1  heobald  on 
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under  two  subdivisions,  older  and  newer;  the  former  consisting  of  beds 
which  are  undergoing  denudation,  whilst  the  latter  form  the  newer 
accumulations,  the  flood  and  delta  deposits  now  in  process  of  formation. 
It  is  difficult,  if  not  impossible,  to  draw  any  distinct  line  of  separation 
between  these  two  subdivisions,  unless,  as  but  rarely  occurs,  they  contain 
fossils  characteristic  of  their  age,  but,  generally  speaking,  all  the  higher 
ground  is  composed  of  older  deposits,  whilst  the  newer  alluvium  is  chiefly 
confined  to  the  neighbourhood  of  the  river  channels,  except  in  the  delta  of 
the  Ganges,  and  in  the  Brahmaputra  plain.  Still,  there  are  large  parts,  both 
of  the  Indus  and  Ganges  plains,  which  are  flooded  every  season,  and  on 
these  areas  newer  deposits  are  formed  by  the  flood  waters.  Moreover,  as 
the  rivers  constantly  change  their  courses,  they  often  sweep  away  deposits 
only  a  few  years,  or  even  a  few  months  old. 

'  The  prevailing  formation  throughout  the  Indo-Gangetic  alluvial  area  is 
some  form  of  clay,  more  or  less  sandy.  The  older  deposits  generally 
contain  kankar,  the  newer  deposits  do  not  as  a  rule,  but  there  are  numer¬ 
ous  exceptions  in  both  cases.  In  the  Indus  valley  the  alluvial  deposits  are 
much  more  sandy  than  in  the  Ganges  valley,  and  the  surface  of  the  ground 
is  paler  in  colour,  except  where  marshy  conditions  prevail.  The  deposits 
of  the  Brahmaputra  valley  in  Assam  are  also  sandy.  In  both  these  valleys 
the  greater  part  of  the  area  is  occupied  by  the  newer  alluvial  deposits 
whilst  the  greater  portion  of  the  Ganges  plain,  except  towards  the  delta 
is  composed  of  an  older  alluvial  formation. 

The  older  alluvium  is  usually  composed  of  massive  clay,  beds  of  a  rather 
pale,  reddish  brown  colour,  very  often  yellowish  when  recently  exposed  to 
the  air,  with  more  or  less  kankar  disseminated  throughout.  In  places, 
and  especially  in  Bengal  and  Behar,  pisolitic  concretions  of  hydrated  iron 
peroxide,  from  the  size  of  a  mustard  seed  to  that  of  a  pea,  are  disseminated 
through  the  clay  ;  occasionally  these  nodules  attain  larger  dimensions,  some 
being  found  near  Dintijpur  of  the  size  of  pigeons’  eggs.  In  places 
kankar  forms  compact  beds  of  earthy  limestone.  Sand,  gravels,  and  con¬ 
glomerates  occur,  but  are,  as  a  rule,  subordinate,  except  on  the  edges 
of  the  valley,  the  quantity  of- sand  in  the  clay  decreasing  gradually  as  the 
distance  from  the  hills  increases.  Pebbles  are  scarce  at  a  greater  distance 
than  from  20  to  30  miles  from  the  hills  bordering  the  plain.  Beds  of  sand¬ 
stone,  sufficiently  compact  for  building,  have  occasionally  been  found, 
but  are  of  rare  occurrence.  On  the  whole,  there  is  no  great  differ¬ 
ence  between  the  alluvial  formations  of  the  Indo-Gangetic  plain  and  those 
of  the  Narbada  and  T£pti,  except  that  the  latter  are  rather  darker  in 
colour,  and  perhaps  less  sandy. 

The  newer  alluvial  deposits  consist  of  coarse  gravels  near  the  hills,  and 
especially  at  the  base  of  the  Himalayas,  sandy  clay  and  sand  along  the 
course  of  the  rivers,  and  fine  silt  consolidating  into  clay  in  the  delta  and 
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its  I  lie  flutter  parts  of  the  river  plain.  In  the  Ganges-  delta  beds  of  impure 
pent  commonly  occur,  Fresh  writer  shells  are  of  more  frequent  occur¬ 
rence  in  the  newer  forms  of  alluvium  than  in  the  older*  the  species  being 
those  now  living  in  the  rivers  and  marshes  of  the  country. 

The  only  information  of  importance  hitherto  procured  as  to  the  nature 
and  depth  of  the.  alluvial  deposits  beneath  the  surface  is  derived  from 
live  borings;  one,  481  feet  deep,  at  fort  William,  Calcutta,  wKhio  the 
delta  and  close  to  a  tidal  river ;  the  second  at  Umballa,  7 or  feet  deep,  at 
nearly  the  highest  level  of  the  plain  away  from  the  slope  of  detritus  along 
the  margin  ;  the  third,  carried  to  a  depth  of  464  feet;  at  Sabzal-kot  west 
of  the  Indus,  about  21  miles  west  by  north  of  Rdjanpur  and  about  400 
feet  above  sea  level;  the  fourth,  at  Agra,  carried  to  a  depth  of  481  feet 
from  a  surface  level  of  553  feet  above  the  sea;  and  the  fifth',  and  deepest, 
having  a  depth  of  1,336  feet  from  a  surface  level  of  about  370  feet,  at  Luck¬ 
now,  All  these  boreholes  were  made  for  the  purpose  of  obtaining  wafer. 

The  Calcutta  borehole  is,  with  the  exception  oi  that  at  Lucknow,  the  most' 
important,  because  it  was  carried  down  to  a  depth  of  about  4C0  feet  below 
the  mean  sea  level.  The  following  account  of  the  deposits  passed  through  in 
the  borehole  is  taken  from  the  “  Abstract  Report  of  the  Proceedings  of  the 
Committee  appointed  to  superintend  the  Bore  Operations  iu  Fort  William 
from  their  commencement,  December  1835,  to  their  close  in  April  1840  :1 * * * * * * 8”— 

“  After  penetrating  through  the  surface  soil  to  a  depth,  of  about  ten 
feet,  a  stratum  of  stiff  blue  clay,  fifteen  feet  in  thickness,  was  met  with. 
Underlaying  this  was  a  light  coloured  sandy  clay,  which  became  gradually 
darker  in  colour  from  the  admixture  of  vegetable  matter,  till  it  passed  into 
a  bed  of  peat,  at  a  distance  of  about  thirty  feet  from  the  surface.®  Beds  of 
clay  and  variegated  sand  intermixed  with  kankar,  mica,-  and  small  pebbles, 
alternated  to  a  depth  of  120  feet,  when  the  sand  became  loose  and  almost 
semi-fluid  in  its  texture.  At  152  feet  the  quicksand  became  darker  in 
colour  and  coarser  in  grain,  intermixed  with  red  water  worn  nodules  of 
hydrated  oxide  of  iron,  resembling  to  a  certain  extent  the  laierite  of  South 
India.  At  159  feet  a  stiff  clay  with  yellow  veins  occurred,  altering  at  163, 

1  four.  As.  Soc.Beng.,  IX,  686,  (1840).  See  almost  certainly  ts  misprint ; .  first,  because  - 
also  an  excellent  account  by  Lieutenant  (after-  Lieutenant  Baird  Smith  mentions  in  his  de- 

wards  Colonel)  R.  Baird  Smith,  Calcutta  Jonr.  scription  the  occurrence  of  peat  between  30 
AW.  Hist,,  I,  334,  {1841)  and  Free.  Geol,  and  50  feet  from  the  surface,  whereas  front 
Soc.,  IV,  4,  (1842),  From  the  tatter  the  account  75  to  120  feet  sandy  clay  is'  said,  to  occur, 

in  Lyell’s  “  Principles  of  Geology  ”  appears  to  and  this  agrees  with  his  descriptive,  catalogue 

be  chiefly  taken.  Some  additional  details  will  be  of  the  specimens  extracted  from  the  horehuie, 

found  in  the  four.  As,  Sac.  Seng,,  If,  369,  649,  and  with  his  figured  section  ;  secondly, 

{1833);  IV,  235.  (r83S);  V,  374,  (1836)  ;  VI,  because,  as  wili  be  shown  hereafter,  a 'bed  of 

234,  321,  498,  897,  (1837);  VII,  168,  466,  peat  is  found  everywhere  aroand  Calcutta  at 
(1838).  a  depth  of  20 -to  30  feet.  .  -  ;  ,  " 

8  Eighty  feet  in  the  original,  hut  this  w  ,  . 
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feet  remarkably  in  colour  and  substance,  and  becoming  dark,  friable,  and 
apparently  containing  much  vegetable  and  ferruginous  matter.  A  line 
sand  succeeded  at  170  feet,  and  this  gradually  became  coarser  and  mixed 
w  ith  fragments  of  quartz  and  felspar  to  a  depth  of  180  feet.  At  196  feet 
clay#  impregnated  with  iron  was  passed  through,  and  at  221  feet  sand 
recurred,  containing  fragments  of  limestone  with  nodules  of  kankar  and 
pieces  of  quartz  and  felspar;  the  same  stratum  continued  to  340  feet,  and 
at  35°  a  fossil  bone,  conjectured  to  be  the  humerus  of  a  dog,  was  ex¬ 
tracted.1  At  360  feet  a  piece  of  supposed  tortoise  shell2  was  found,  and 
subsequently  several  pieces  of  the  same  substance  were  obtained.  At 
372  feet  another  fossil  bone  was  discovered,  but  it  could  not  be  identified, 
from  its  being  torn  and  broken  by  the  borer.  At  392  feet  a  few  pieces  of 
line  coal,  such  as  are  found  in  the  beds  of  mountain  streams,  with  some 
fragments  of  decayed  wood,  were  picked  out  of  the  sand,  and  at  400  feet  a 
piece  of  limestone  was  brought  up.  From  400  to  481  feet  fine  sand,  like 
that  of  the  seashore,  intermixed  largely  with  shingle  composed  of  fragments 
of  primary  rocks,  quaitz,  felspar,  mica,  slate,  and  limestone  prevailed, 
and  in  this  stratum  the  bore  has  been  terminated/-’ 

The  first  and  most  important  observation  to  be  made  on  the  foregoing 
facts  is  that  no  trace  of  marine  deposits  was  detected,  but  on  the  contrary 
there  appears  every  reason  for  believing  that  the  beds  traversed,  from  top 
to  bottom  of  the  borehole,  had  been  deposited  either  by  fresh  water,  or 
in  the  neighbourhood  of  an  estuary.  At  a  depth  of  30  feet  below  the 
surface,  or  about  to  feet  below  mean  tide  level,  and  again  at  382  feet, 
beds  of  peat  with  wood  were  found,  and  in  both  cases '  there  can  be  but 
little  doubt  that  the  deposits  prove  the  existence  of  ancient  land  surfaces, 
The  wood  in  the  upper  peat  beds  was  examined  by  Dr.  Wallich  and  found 
to  be  of  two  kinds,  one  of  which  was  recognised  as  belonging  to  the  sundri 
tree  ( Heritiera  littoralis),  which  grows  in  abundance  on  the  muddy  flats 
of  the  Ganges  delta,  the  other  probably  as  the  root  of  a  climbing  plant 
resembling  Briedelia.  Moreover,  at  considerable  depths,  bones  of  terres¬ 
trial  mammals  and  fluviatile  reptiles  were  found,  but  the  only  fragments  of 
shells  noticed,  at  380  feet,  are  said  to  have  been  of  fresh  water  species. 

The  next  noteworthy  circumstance  is  the  occurrence  at  a  depth  of  175 
to  185  feet,  again  at  300  to  325,  and  again  throughout  the  lower  85  feet 
of  the  borehole,  of  pebbles  in  considerable  quantities.  The  pebbles  in 
the  lower  portion  are  especially  mentioned  as  large,  and  their  size  is 
shown  by  the  circumstance  that  they  impeded  the  progress  of  the  bore, 
and  that  it  was  necessary  in  several  cases  to  break  them  up  before  they 

1  A  ruminant  bone,  according  to  Dr.  Kale-  |  As.  Soc.  Deng,  VI,  234,  pi.  xviii,  (1837);  and 
oner;  Lyell,  Principles  of  Geology,  London,  ed.  Calcutta  Jour,  Nat.  Hist.,  I.,  pi.  ix,  (1841). 
1867,  I,  p.  479.  The  specimen  cannot  now  be  2  Figured  Jour.  /Is.  Soc.  Beng.,  VI,  321,  pi. 
found.  Figures  of  this  bone  are  given,  Jour.  [  xxi ;  and  Calc.  Jour.  Nat.  Hist.,  I,  pi.  ix. 
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could  be  extracted,  so  that  it  may  be  fairly  inferred  that  they  were  at  least 
two  or  three  inches  across  {the  borehole  was  six  inches  in  diameter).  The 
greater  part  of  the  pebbles  wore  clearly  derived  from  gneissic  rocks,  but  ' 
some  fragments  of  coal  and  lignite  which  were  obtained  were  perhaps 
from  ths  Damuda  series,  though  their  composition  indicates  the  probability 
that  they  were  derived  from  the  tertiary  or  cretaceous  coal  seams  of  the 
Assam  hills.1  .  .  -  '  ’  .  ' 

The  peat  bed,  it  may  here  be  mentioned,  is  found  in  ail  excavations  -  • 
around  Calcutta,  at  a  depth  varying  from  about  20  to  about  30  feet,1  and 
the  same  stratum  appears  to  extend  over  a  large  area  in  the  neighbouring 
country,2  A  peaty  layer  has  been  noticed  at  Port  Canning  on  tbe.Mutln 
(Mutiah),  35  miles  to  the  south-east,  and  at  KhulnS,  in  Jessor,  80  miles 
east  by  north,  always  at  such  a  depth  below  the  present  surface,  as  to'  be 
some  feet  beneath  the  present  mean  tide  level.  In  many  of  the  casks  ■ 
noticed,  roots  of’  the  sundri  tree  were  found  in  the  peaty  stratum.  This  . 
tree  grows  a  little  above  ordinary  high  water  mark  in  ground  liable  to  -  - 
flooding,  so  that  in  every  instance  of  the  roots  occurring  below  the  mean 
tide  level,  there  is  conclusive  evidence  of  depression.  This  evidence  is 
confi  rmed  by  the  occurrence  of  pebbles,  for  it  is  extremely  improbable  ' 
that  coarse  gravel  should  have  been  deposited  in  water  80  fathoms  deep, 
and  large  fragments  could  not  have  been  brought  to  their  present  post.- 
tion  unless  the  streams,  ■  which  now  traverse  the  country,  had  a  greater 
fall  formerly,  or  unless,  which  is  perhaps  more  probable,  rocky  hills- existed 
which  have  now  been  covered  up  by  alluvial  deposits.  The  coarse 
gravels  and  sands  which  form  so  considerable  a  proportion  of  the  beds 
traversed  can  scarcely  be  deltaic  accumulations,  and  ft  is  therefore 
probable  that  when  they  were  formed,  the  present  site  of  Calcutta, was 
near  the  margin  of  the  alluvial  plain,  and  it  is  quite  possible  that  a  portion 
of  the  Bay  of  Bengal  was  dry  land.3 

At  Lucknow  the  deepest  of  all  the  boreholes  in  the  Gangetic  alluvium 
was  driven  to  a  depth  of  1,336  feet  from  the  surface,  or  nearly  r,ooo  feet 
below  sea  level.  The  beds  passed  through  from  top  to  bottom  were  of  the ' 
same  character,  alternations  of  sand  and  sandy  silt,  with  occasional  bapds 
of  k  an  bar,  and  beyond  the  mention  of  coarse  sand  near  the  bottom  of  the  ; 
borehole,  there  are  no  indications  of  an  approach  to  the  base  of  the  alluvial  - 


1  !n  a  boring  recently  sunk  at  Chanderna- 
g-ore  subangular  gravel  of  quart*  and  felspar 
was  met  with  at  about  150  feet.  The  felspar 
fragments  wore  extremely  abundant  and  cannot 
have  travelled  any  great  distance. '  This  in¬ 
dication  of  the  vicinity  of  rocks  exposed  at  the 
surface  is  intei eating  in  connection  with  the 
hypothesis  of  the  recent  origin  of  the  outlet  of 


2  Baird  Smith,  four.  As.  Soc.  Bcng.,  IX,  686, 
(1S40) ;  B.  F.  Blanford,'  four.  As.  Soc.  Bong., 
XXXIH,  154,  (1864).  See  also  polices  of  ear, Her 
borings, four.  As.  Soc.  Bong., II,  365, 649,  ((833). 

*  But  whilst  the  depression  of  nearly  500  feet, 
probably  since- tertiary,  times,-  is  unmistakable, 
in  the  neighbourhood  of  Calcutta,,  the  -signs 
of  elevation  within  the  same  epoch  in  Orissa,. 
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deposits.  Like  all  the  other  boreholes,  it  was  sunk  in  searcn  of  a  supply  of 
artesian  water,  and  apart  from  its  interest  in  showing  the  great  thickness  of 
the  alluvial  deposits,  it  is  important  as  proving  that  artesian  conditions  do 
prevail  under  the  Indo-Gangetic  plain.  After  the  surface  water  was  shut 
out,,  a  water-bearing  stratum  was  struck  at  158  feet,  whose  water  stood 
at  61  feet  from  the  top  of  the  borehole ;  at  190  feet  another  was  met  with, 
and  the  water  stood  at  42  feet,  at  341  feet  the  water  rose  to  24  feet  from 
the  surface,  at  750  feet  to  13  feet,  at  783  feet  to  9  feet,  at  975  feet  to  2  feet 
from  the  top  of  the  borehole.  At  990  feet  and  1,040  feet  two  water  bear¬ 
ing  strata  were  struck  in  which  the  pressure  was  less  and  the  water  sunk 
to  5  feet  from  the  top  of  the  boring,  but  at  1,141  feet  it  again  rose  to  within 
18  inches  of  the  top  and  at  1,189  feet  a  bed  of  quicksand  was  struck  from 
which  water  flowed  at  the  rate  of  10  gallons  per  minute  over  the  top  of 
the  casing,  itself  24  feet  above  the  mean  level  of  the  surrounding  plain,1 

There  is  very  little  of  interest  in  the  other  three  boreholes  that  have 
been  sunk  in  the  Gangetic  alluvium,  except  in  so  far  as  they  bear  on  the 
theory  of  the  origin  of  the  Himalayas,  as  will  be  mentioned  in  the  sub¬ 
sequent  chapter. 

The  Agra  borehole,  sunk  near  the  southern  margin  of  the  alluvium,  is  the 
only  one  which  traversed  its  whole  thickness  to  the  supporting  floor  of  rock. 
The  total  thickness  of  alluvial  deposits  passed  through  was  only  481  feet, 
composed  of  sand  and  sandy  clays  with  some  kankar,  the  uppermost  150 
feet  being  apparently  composed  to  a  considerable  extent  of  blown  sand,  as 
opposed  to  true  alluvial  deposits.0 

Umbalia  is  on  the  watershed  of  the  Indo-Gangetic  plain,  between  the 
Jumna,  which  flows  into  the  Ganges,  and  the  Sutlej,  a  tributary  of  the 
Indus.  The  locality  is  about  905  feet  above  the  sea,  and  20  miles  from  the 
base  of  the  Himalayas.  There  is  very  little  of  interest  in  this  borehole. 
The  depth  to  which  it  was  carried  was  insufficient  to  test  the  thickness 
of  the  alluvial  deposits,  and  it  ceased  200  feet  above  the  level  of  the  sea. 
No  mention  is  made  of  any  organic  remains  being  found,  but  their 
occurrence  could  not  be  anticipated,  as  they  occur  but  rarely  in  the  alluvial 
formations  of  the  Gangetic  plain.8 

The  borehole  at  Sabral-ka-kot  is  only  four  miles  from  the  base  of  the 
hills,  and  by  far  the  greater  portion  of  the  beds  traversed  consist  of  sand 
and  pebbles,  clays  being  subordinate,  although  several  beds  were  met  with, 

The  rarity  of  organic  remains,  especially  in  the  older  alluvial  deposits, 
has  already  been  referred  to,  but  shells  are  occasionally  found,  belonging 
to  species  now  inhabiting  the  rivers  and  marshes  of  the  country.  An 
important  discovery  of  mammalian  remains  was  made  about  1S30  in  some 

1  For  a  detailed  account  and  section  of  this)  121,  (tRS.s). 
borehole,  see  Records,  XXIII,  r6i,  (.850).  3  For  detailed  accounts,  sec  T.  Login,  Qu.n ! 

*  For  detailed  section  see  Re  cords,  XVIII  I  Jour.  Goal.  Soc.,  XXVIII,  198,(1872). 
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calcareous  shoals  of  tire  Jumna.’  Tim  bones  were  chiefly  found  cemented 
together  with  substances  of  recent  origin,  such 'ns  .fragments  of  ■  weapons 
and  boats,  into  a  mass  of  concrete,  chiefly  formed  of  the  kankar  washed 
from  the  river’s  bank,  but  in  two  cases  the- skeleton  of  an  elephant, was ' 
found  preserved  in  the  clay,  in  one  instance,  in  which  the  bones  -were, 
clearly  in  situ,  they  were  found  4I  feet  above  the  highest  flood  m.ark, 
and  80  feet  below  the  summit,  of  the  clay  cliff  formed  by  the  river, -and 
there  appears  no  reason  to  doubt  that  all  the  specimens1  found  were 
originally  derived  from  the  clay.  The  following  Species  have  been  re¬ 
cognised  2  >—  ■  ' 


Semnopithacus,  sp, 

Elephas  namadicus. 

Mnsr  sp. 

Hippopotamus  { Tetraprotodou ) 
ptdcoindicus . 

Equus,  sp. 


Bos  (Bttboltts'  poltm'niiieus. 
Bos,  sp.  ■  ■  ‘  ' 

Anti  lope,  sp. 

Fish  and  crocodile  bones. 


Three  of  the  species,  a.0  that  have  hitherto  been  specifically  identified, 
are  found  in  the  Narbadd  alluvium  also,  whilst  the  only  genus  not  noyy 
found  wild  in  -India  is  Hippopotamus  ;  the  species  belong,  however,  to  the 
same  subgenus  as  the  living  African  animal.  The  evidence  is  not 
sufficient  to  justify  any  decided  conclusions,  except  that  the  Jumna  clays 
must  have  been  deposited  in  the-  same  posttertiary  epoch  as  .the  Narbadd 
alluvium,  but  so  far  as  the  specific  identifications  go,  they  tend  to  indicate 
that  the  Jumna  fossils  are  newer  than  the  Narbadi  remains,  as  .the  extinct 
type  Hexaproiodon  and  the  foreign  form  Bos  namadicus  have  not  been 
recognised  amongst  the  former.  .  • 

Some  bones  were  also  found  in  the-  Betwd  river  in  Bimddhkand  and 
the  Bugdoti  between  Mirzispur  and  Chandr,8  but  they  have  not  been 

identified.  '  '  . 


Before  proceeding  further  a  few  words  are  requisite  in  explanation 
of  a  word  which  it  will  be  found  necessary  to  use  occasionally  in-  the 
following  pages  and  of  four  Hindi  terms  applied  in  the  Gangeo  valley  to  ' 
particular  kinds  of  alluvial  surface  which  require  notice,  because  they  will 
be  found  freely  used,  and  because,  with  perhaps  one  exception,*  they  have 
no  precise  equivalents  in  English.  ..  -  '■  /  . 

To  Anglo-Indians  it  is  quite  unnecessary’  to  explain  the  meaning  -of. 
the  term  kankar ,  but  the  explanation  may  be  of  some  use  to  European 

8  Jour,  As,  Sac.  Bung.,  IV,  571,  (183$).  . 

4  The  exception  is  iftadar,  which  corre- 
spends  to  the  English  word  The  Eng¬ 

lish  term  is,  however,  lota! ;  its  exact  nieanmg 
is  far  from  .commonly  known,  and  it'  is  only  . 
used  in  Mly.country.  ’ 


1  Sergeant  E.  Dean,  Jour.  As.  Soc.  Beng.,  IV, 
afii,  (1835).  See  also  Falconer,  Quart,  four. 
Cent.  See.,  XXI,  377,  (1865);  Paleontological  . 
Memoirs,  55,  p.  640. 

-  Several  are  figured,  four.  As.  Soc,  Beng,,  II. 
pi.  y.stv,  (1833) ;  anti  IV;  pi.  xxxlii,  (183S), 
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students.  The  original  signification  of  the  word  is  gravel,  the  term  being 
applied  to  any  small  fragments  of  rock,  whether  rounded  or  not.  By 
Anglo-Indians,  however,  the  name  has  been  especially  used  for  concre¬ 
tionary  carbonate  of  lime,  occurring,  usually  as  nodules,  in  the  alluvial 
deposits  of  the  country,  and  especially  in  the  older  of  these  formations. 
The  commonest  form  consists  of  small  nodules  of  irregular  shape,  from 
half  an  inch  to  three  or  four  inches  in  diameter,  composed  of  tolerably 
compact-carbonate  of  lime  within  and  of  a  mixture  of  carbonate  of  lime 
and  clay  without.1  The  more  massive  forms  are  a  variety  of  calcareous 
tufa,  which  sometimes  forms  thick,  beds  in  the  alluvium,  and  frequently 
fills  cracks  in  the  alluvial  deposits,  or  in  older  rocks,8  In  the  beds 
of  streams  immense  masses  of  calcareous  tufa  are  often  found  formino- 
the  matrix  of  a  conglomerate,  of  which  the  pebbles  are  derived  from 
the  rocks  brought  down  by  the  stream.  There  can  be  no  doubt  that 
the  kankar  nodules,  calcareous  beds,  and  veins  are  all  deposited  from  water 
containing  in  solution  carbonate  of  lime,  derived  either  from  the  decomposi¬ 
tion  of  the  debris  of  older  rocks  of  various  kinds,  or  else  from  fragments  of 
limestone  and  other  calcareous  formations  contained  in  the  alluvium. 

BMbar  is  the  slope  of  gravel  along  the  foot  of  the  Himalayas.  Com. 
pared  with  the  slopes  in  the  dry  regions  of  Central  Asia,  Tibet,  Turkistan, 
Persia,' etc.,  the  gravel  deposits  at  the  foot  of  the  great  Indian  ranges 
are  insignificant,  the  difference  in  height  between  the  top  and  bottom  of 
the  slope  nowhere  exceeding  1,000  feet.  This  difference  is  probably  partly 
due  to  the  much  greater  rainfall  in  India,  and  to  streams  being  consequently 
able  to  carry  away  a  much  larger  proportion  of  the  detritus  washed  from  the 
surface  of  the  hills,  partly  also  to  the  circumstance  that  the  rocks  in  the 
lower  regions  of  the  hills  are  not  subjected  to  the  loosening  effects  of  frost. 

Streams  issuing  from  the  Himalayan  ranges  lose  a  part,  or  the  whole, 
of  their  water  by  percolation  through  the  gravel  in  the  bhdbar  region. 

1  The  following  analyses  will  give  a  fair  idea  of  the  usual  composition  of  nodular  kankar:  — 

[  I,  Ghazfpur,  Prinsep,  “ Glean .  Set."  Ill,  278,  (1831)  ;  2,  3,  4,  Rani'ganj,  Dejoux,  Re¬ 
cords,  VII,  123,  (1 874)  ; — Si  Barmuri;— 6,  Ramnagar;  — 7,  Sanktoria,  a!)  near 
Rani'ganj,  Tween,  ibid  8,  9,  Saharanpur,  Thomson,  Rurki  Treatise  on  Civil 
Engineering,  I,  p.  115.] 


2  See  the  account  by  Captain  E.  Smith  o(  I  Soc.  Bong.,  II, 
the  kankar  in  the  Jumna  alluvium,  Jour.  /Is.  I  Roy.  /Is.  Sue.,  ' 
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The.  whole  tract  In  its  original  condition  is  covered  with  bigli  forest,  in', 
which  the  s;i!  ( Shorm  ro'bvsta)  prevails.'  At  the  base  of  the  slope,  much  , 
of  the  water  which  has  percolated  the  gtayel  re-issues  in  the,  form  of  , 
springs;  the  ground  is  marshy,  and  high  grass -replaces -the  forest. -  This  "• 
tract  is  the  iarvJ ,  a- term  not  un frequently,  applied  to  the  whole  . forest-clad 
slope  at  the  base  of  the  Himalayas,  known  afso  as  mo  rung  in  Nepdl.'-  -  ■  ’ 


Fig,  22. — Diagram  illustrating  the  relations  of  Bh&bar  anil  Tarhi. 

The  .alluvial  plain  itself,  in  the  North-West  Provinces  especially,  is. cbm- 
posed  of  b hangar  or  high  land,  the  fiat  of  older  alluvium,  now  at  a  consid-' 
erable  elevation  above  the  rivers  which  traverse  it,  and  -h  Jidda r, ‘Or  low 
land,  the  low  plain  through  which  each  river  flows.  The  latter  has 
evidently  been  cut  out  from  the  forme*,  by  the  streams.  It  is  of  variable 
width,  and  is  annually  flooded.  '  '  . 

In  the  upper  provinces  the  high  banks  of  the  rivers  are  frequently  . 
capped  by  the  hills  of  blown  sand,  known  in  the  North-West  Provinces' 
as  bhftr.  This  is  the  extreme  form  of  a  rather  important  element  • 
in  the  formation  of  Indian  river  channels,  and  the  same  result  in  a  less- 
marked  form  may  be  traced  in  a  rather  sandy,  raised  bank,  along  the 
course  of  many  large  rivers  down  to  the  limits  of  tidal  action,  in-  the  . 
deltas.  In  the  lower  parts  of  the  river  plains  this  bank,  which  is  above  the 
flood  level  and  is  usually  selected  for  village  sites,  intervenes  between  , 
the  river  channel  proper  and  the  marshy  ground  liable  to  annual  floods 
on  each  side,  the  communication  between  the  two  latter  being  kept  tip  by 
numerous  creeks.  The  origin  of  the  bhftr  land,  or  raised,  bank,  is  the  • 
following.  During  many,  months  of  the  year,  and  especially  in  the  hot 
season,  strong  winds  arise,  frequently  of  a  very  local  character,  and  some¬ 
times. apparently  almost  confined  to  the  river  channels.  Ihese,  in  the  dry  ’ 
season,  are  plains  of  loose  sand,  often  two  or  three  miles  across  and  s,ome-  • 
times  wider,  of  which  the  river  usually  occupies  not  more  than  a  fourth.  ' 
The  wind  on  the  Indus  and  Ganges  frequently  blows- in  nearly  the  same 
direction  as  the  river  channel.  Such  winds  are  especially  prevalent  about 
midday  and  in  the  afternoon,  and' their  effect  in  transporting  the  sands  of  - 
the  river  bed  is  so  great  that  the  atmosphere  becomes  too  thick  for  , 
objects  a  few  yards  distant  to  be  seen.  All  who  have  been  in  the  habit  at 
navigating  Indian  rivers  must  have  noticed  the  prevalence  of  these  sand-  ; 
storms.  They  are  so  marked  that,  where  large  sand  banks  exist  to  windward 
of  the  river,  it  is  often  impracticable  for  vessels  •  to  continue  .  their  ' 
course,  except  in  the  morning  before  the  wind  arises,  or'  iii .  the 
evening,  when  the  motion  of  the  air  has  diminished,  Much  of  th  - .  sand 
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plain  of  Assam,  in  its  present  form,  is 'not  only  of  later  (late  than  the 
Gangetic  plain,  but  absolutely  newer  than  many  portions'  of  the  Ganges 
delta,1  The  difference  may  be  due  to  a  depression  of  the  lower  part  of 
the  Brahmaputra  valley  in  Assam,  to  an  elevation  of  the  delta,  or  to  a 
great  increase  in  the  supply  of  water.  The  second  theory  is  distinctly ' 
disproved  by  the  general  evidence  of  subsidence '  in  the  delta,  and  the 
third  is  improbable  ;  the  evidence'  is  therefore  rather  in  favour  of  the 
Brahmaputra  valley  In  Assam  having  been  an  area  of  subsidence  in  a 
relatively  Sate  geological  period.  As  -will  be  ’shown  presently,  there  is 
some  additional  evidence  in  favour  of  this  view  within  the  delta  itself.  • 


The  limits  of  the  delta,  or  the  places  where  the  rivers  first,  bifurcate  and 
commence  to  give  off  disturbances,  are.  between  Rajmahdl  and  Mur.shiddb.1d 
on  the.  Ganges,  and  on  the  Brdhmaputra  opposite  the  south. west  corner  of 
the  Gdro  hills.  But  for  a  considerable  distance  above  the  actual  delta  the 
rivers  flow  through  a  broad  plain  of  low  ground,  a  large  area  of  which  is 
liable  to  flooding,  and  consequently  to  the  deposition  of  silt.  The  delta  is,- 
in  fact,  the  natural  continuation  of  the  khadar,  or  alluvial  flat  in  the  upper 
portion  of  the  river's  course,  and  this  khddar  becomes  broader  before  it 
expands  into  the  delta,  ,  ,  .  , 

By  far  the  best  description  of  the  Ganges  delta,  of  the  changes  it  is 
undergoing,  and  of  the  action  of  the  rivers  in  raising  the  .land  by  Che, 
deposition  of  silt,  is  that  of  Mr.  Fergusson.8  He  has  shown  tliat  rivers 
oscillate  in  curves,  the  extent  of  which  is  directly  proportional  to  the 
quantity  of  water  flowing  down,  the  channel.  Thus,  the  oscillations  of  the' 
Ganges  where  broadest  {7,000  feet  in  the  low  seasou).between  'Mor.ghyr  and 
Rljmahdl,  average  9I  miles  in  length  ;  where  it  contains  less  water,  and  is 
only  half  the  breadth  (3,500  feet),  between  Allahdbdd  and  Chanar,  the 
oscillations  are  37  miles  long ;  in  the  Bhdgirathl,  where  it  averages  1 ,200  feet ; 
in  breadth,  the  length  of  the  oscillations  is  1  ‘5  miles  ;  and  in  the  Maf,ibhanga, 
where  only  500  feet. broad,  the  length  of  each  osfiillalion.becomes  only  half  a 
mile.8  The  next,  point  which  he  notices  is  well  known.,  the  tendency  of 
rivers  to  raise  their  banks,  but  the  explanation  is  partly  novel..  When  .the 
whole  country  is  covered  with  water,  moving  rapidly  towards  the  sea  in 
the  river  channels,  and  stationary  throughout  the  intervening  marshes,  the 
dead  water  of  the  marshes  prevents  the  floods  of  the.  rivers  from  break¬ 
ing  out  of  the  channels,  and,  by  stopping  the  course  of  the  silt  charged 
water  along  the  edges  of  the  creeks  and  streams,  forces  it  to  deposit'  the 


3  For  a  full  discussion  see  Fergnsson,  Quart, 
Joni.  Geo!.  See.,  XIX,  330,  (1863).  It  should, 
however,  be  noticed  that  Mr.  FergussOn  was  led 
by  some  published  barometrical  observations, 
now  shown  to  have  been  insufficient,  to  suppose 
the  level  .of  the  Brahmaputra  valley  at  Gau- 


hati  to  be  only  about  106  feet  above  the 
sea,  instead  of  163,  the  maximum  flood-level 
since  determined  %  -the  Great  Trigonome¬ 
trical  Survey.  .  ;  •  '  ,  •  ,  '  •;  ■■■■ 

*  Quart,  your.  Gee!.  See.,  XIX,  321.34,  {1863). 
8  Quart.  Jeiir.  Gtel.  Sec.,  XIX,  3*4  (1863), 


GANGETIC  DELTA, 


Ohap.XVH] 


44 1 


sediment  it  has  in  suspension.  Hence  gradually  arises  a  system  of  river 
channels,  traversing  the  country  in  many  directions,  between  banks  which 
are  higher  than  the  intervening  flats,  and  these  flats  form  persistent 
marshes,  known  in  the  Ganges  delta  as  jhils  or  bhils.1 

^Each  river  frequently  changes  its  precise  course,  the  smallest  alteration 
in  its  channel  having  an  effect  which  is  felt  for  many  miles  above  and 
below.  So  that,  just  as  the  oscillations  of  a  denuding  stream  produce 
a  low  .alluvial  flat  between  high  banks,  the  curves  of  a  depositing  river 
gradually  form  a  high  alluvial  flat,  raised  above  the  surrounding  country. 
In  course  of  time  this  raised  tract  is  abandoned  by  the  main  river  for  the 
lower  ground  at  the  side,  and  the  river  bed  is  either  filled  up  by  silt,  or, 
if  near  the  sea,  converted  into  a  tidal  creek. 

The  present  Bengal  delta,  therefore,  comprises  a  large  area  in  which 
the  ground  has  been  raised' above  the  general  flood  level,  through  having 
been  traversed  by  the  main  branches  of  the  Ganges  in  past  times.  Such 
is  the  case  in  the  country  north  of  Calcutta.  The  eastern  part  of  the 
delta  is  more  backward,  the  marshes,  or  jhils ,  are  more  extensive,  and  the 
banks  of  the  streams  less  consolidated,  and  this  is  now  the  great  deposit¬ 
ing  area.  But  large  tracts  of  low  country,  such  as  the  salt  lake  near 
Calcutta,  are  found  in  the  western  area  also.  The  remarkable  struggle 
which  takes  placebetvveen  the  Ganges  and  Brahmaputra,  each  tending, 
by  raising  the  neighbourhood  of  its  channel,  to  drive  back  the  other,  and 
to  gain  possession  of  a  larger  tract  of  delta,  is  most  vividly  told  bjr 
Mr.  Fergusson,  but  is  too  long  for  extract  here.  Mr.  Fergusson  refers 
many  of  the  more  modern  changes  in  the  delta  to  the  upheaval  of  the  ele¬ 
vated  tract  known  as  the  Mddhupur  jungle,  which  had  the  effect  of  divert¬ 
ing  the  Brahmaputra  to  the  eastward  into  the  Sylhet //$?'/.?,  where  the  silt  of 
the  river  was  deposited.  The  result  was  that  scarcely  any  sediment  found 
its  way  to  the  sea  by  the  Meghnd,  the  great  estuary  of  all  the  Sylhet  rivers, 
and  hence  the  sea  face  of  the  delta  to  the  eastward  curves  back  in  the  form 
of  a  gulf.  The  gap  was  much  greater  at  the  commencement  of  the  present 
century,  but  about  that  time  the  Brahmaputra  having,  by  the  deposit  of  silt, 
greatly  raised  the  portion  of  the  Sylhet  jhils  into  which  it  flowed 
changed  its  course  completely  in  the  course  of  a  few  years,  and  instead 
of  flowing  to  the  east  of  the  Mddhupur  jungle,  cut  out  a  new  channel  to 
the  west  of  the  raised  tract.  Since  its  change,  of  course,  the  Brahmaputra 
has  been  brought  much  nearer  to  the  main  stream  of  the  Ganges,  and 
the  two  rivers  are  now  depositing  silt  so  rapidly  on  the  eastern  sea  facr. 
of  the  delta,  that  great  changes  are  taking  place,  and  new  islands  are 
rapidly  forming,  whilst  the  western  portion  of  the  deltaic  coast  line, 
through  which  but  a  small  portion  of  the  flood  water  of  the  great  rivers 
finds  its  way  to  the  sea,  has  undergone  but  little  change  since  it  was 
first  surveyed  in  the  last  century. 

1  The  former  term  is  Hindi,  the  tatter  Bengali. 
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In  the  sea  outside  the  middle  of  the  delta  there  is  a  singularly  do«*p 
area,  known  arid  mark  or!  on  dial!  s  as  the  “Swatch  of  no  ground/'  in 
which  the  soundings,  which  arc  from  5  to  to  fathoms  all  around,  change 
almost  suddenly  to  200  and  even  300  fathoms.  This  remarkable  depres¬ 
sion  rmis  north  and  south,  and  has  been  referred  to  a  local  sinking,  hut 
it  appears  more  probable,  as  has  been  shown  by  Mr,  Fcrgusson,  that  the  . 
sediment  is  carried  away  from  the  spot,  and  deposition  prevented,  by  the , 
strong  currents  engendered  by  a  meeting  of  the  tides  from  the  east  and 
west  coasts  of  the  Bay  of  Bengal.  Mr.  Fcrgusson  also  shows  that,  so  • 
long  as  the  Bay  of  Bengal  has  preserved  its  present  form,1  the  meeting  of 
the  tides  must  have  favoured  the  formation  of  a  spit  of  sand  along  the 
present  position  of  the  Sundarba ns,  as  the  lower  portion  of  the  Ganges 
delta  is  called,  and  that  any  great  deposit  of  silt  to  seaward  of  the 
present  line  is  impeded  by  the  fine  sediment  being  washed  away  by,  the 
tidal  currents,  and  deposited  in  the  deeper  parts  of  the  Bay, 

In  spite  of  all  that  has  been  written  on  this  subject  the  origin  of -the' 
swatch  of  no  ground  has  by  no  means  been  cleared  up.  A  very  similar  ■ 
depression  has  been  shown  to  exist  in  the  bed  of  the  shallow  sea  off  the 
Indus  delta  and  the  cause  in  both  cases  has  probably  been  the  same,  a 
combination  of  an  excess  of  subsidence  with  a  deficiency  of  sedimentation, 
the  latter  due  to  the  action  of  surface  currents  in  sweeping  away  the  silt¬ 
laden  waters.  It  is  not  in  accordance  with  what  we  know  to  suppose  that 
at  such  depths  as  we  are  there  dealing  with,  there  can  be,  any  currents  of. 
sufficient  velocity  to  account  for  the  depression  by  actual  erosion. 

The  chief  point  in  the  above  theory  to  which  exception  might  be  taken  - 
is  the  question  of  whether  the  elevation  of  the  Midhliupur  jungle  is  suffi¬ 
ciently  recent  to  account  for  the  changes  in  the  course  of  the  Braluniaputra 
river.  This  tract  of  country  is  composed  of  a  red,  iron  stained,  clayey  soil, 
in  which  accummulations  of  pisolitic  concretions  of  oxide  of  iron  are  found 
and  worked  in  places  as  an  iron  ore.  The  clay' Is-  of  the  same  type,  pre¬ 
cisely  as  the  older  alluvium  of  the  Brahmaputra  and  lower  Ganges  valleys/ 
There  seems  little  room  for  doubt  that  this  is  really  a  region  of  special  ele¬ 
vation,  for  were  we  to  suppose  that  it  is  part  of  the  old  surface  of  the  delta, 
left  standing  at  its  former  level  while  the  surrounding  area  was  'depressed, 
the  height  of  its  ground  level,  which  rises,  to  j 00  feet  above  the  general 
level  of  the  delta  outside  the  Mddhupur  jungle,  would  ,  necessitate -a  much 
greater  extension  of  the  delta  into  the  Bay  of  Bengal  than  there  ■  seems 
any  ground  for  supposing  to  have  ever  been  the  case.  The, steeply  scarped/ 
western  face  and  the  gentle  fall  to  the  level  of  the  delta  011  the  east  show 

1  This  is  probably  not  so  old  as  pliocene,  !  since  the  close  of  the  SiwflUlc  epoch,  that  '' 
because  such  gigantic  disturbance  has  lafeen  j  the  shape  of  the  northern' part  ob  the  Bqy  of  j 
place  throughout  the  Assam  hills  and  Aiakan,  ;  Bengal  must  have  changed  greatly.  ,  '  :  '  . 
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that  the  elevated  area  must  once  have  been  more  extensive  than  it  now  is 
and  that  the  western  half  has  been  washed  away  by  the  rivers  that  im¬ 
pinged  upon  it,  while  the  deeply  eroded  undulating  nature  of  its  surface 
shows  that  it  has  been  raised  above  the  flood  level  of  the  rivers  and  so 
subject  to  denudation  for  too  long  a  period  to  make  it  probable  that 
the  diversion  of  the  Brahmaputra  river  to  the  east  was  entirely  due  its 
elevation. 


Whether  the  elevation  of  the  M^dhupur  jungle  was  anterior  to,  or  con¬ 
temporaneous  with,  the  depression,  which  it  is  difficult  to  suppose  has  not 
taken  place  in  the  area  occupied  by  the  Sylhet  jhils,  it  is  impossible  to 
say,  but  the  latter  would  in  itself  have  been  sufficient  to  account  for  the 
diversion  of  the  Brahmaputra  to  the  east  of  the  Madhupur  jungle,  and  was 
probably  its  principal  determining  cause. 

An  interesting  point  to  determine  in  this  connection  is  the  date  of 
origin  of  the  delta  of  the  Ganges.  Reference  has  already  been  made  to 
the  fact  that  the  plateau  of  the  Assam  range  forms  structurally  part  of 
the  Peninsula  of  India,  and  to  the  presence  of  rocks  of  peninsular  type 
north  of  the  Brahmaputra  valley.  Moreover,  the  upper  tertiary  deposits 
south  of  the  Assam  range  differ  from  those  at  the  foot  of  the  Himalayas, 
so  far  as  the  latter  are  known,  in  being  partly  of  marine  origin,  and  as 
will  be  shown  further  on,  the  formation  of  the  depression  occupied  by 
the  Gangetic  alluvium  was  most  probably  an  integral  part  of  the  oper¬ 
ations  which  resulted  in  the  elevation  of  the  Himalayas,  In  the  same 
way  it  is  probable  that  the  transverse  depression,  through  which  the  Gan¬ 
getic  drainage  now  finds  its  way  to  the  sea,  may  have  been  formed  at  the 
close  of  the  tertiary  period  pari  passu  with  the  elevation  of  the  Tipperah 
hills. 

There  is  some  direct  evidence  in  favour  of  the  more  recent  origin  of 
the  Gangetic  outlet  in  the  presence  of  closely  allied  species  of  dolphins 
in  the  Ganges  and  Indus  rivers,  of  a  very  different  generic,  type  from  the 
cetacean  inhabiting  the  Irawadi.  These  two  species  must  be  descended 
from  a  common  ancestor  which  acquired  a  fresh  water  habitat,  and  the 
differentiation  of  the  Indus  and  Gangetic  species  have  arisen  from  a  sub¬ 
sequent  separation  of  the  drainage  areas.1  The  changes  in  the  course  of 
the  drainage  over  what  is  now  the  watershed  region,  which  will  be  referred 


1  The  occurrence  of  allied  forms  of  porpoise 
or  dolphin  in  the  Ganges  and  Indus,  and  the 
circumstance  that  the  peculiar  genus  living  in 
these  rivers  is  unknown  elsewhere  (the  ceta¬ 
cean  inhabiting  the  Irawadi  being  of  a  very 
different  generic  type)  have  attracted  the 
attention  of  naturalists  already.  The  ova  and 
young  of  fish  are  not  difficult  of  transport,  and 
a  very  trifling  accident  might  place  a  pool  of 
water  to  which  the  fish  of  one  river  have 


gained  access  in  communication  with  the 
other  stream.  Crocodiles  and  river  tortoises 
can  live  for  a  long  time  out  of  water,  and  have 
considerable  powers  of  migration  on  land, 
but  dolphins  are  confined  to  the  rivers,  and 
could  neither  live  in  a  shallow  pool,  nor 
traverse  dry  land.  The  existence,  therefore, 
of  closely  allied  species,  doubtless  derived 
from  a  common  ancestor,  in  two  distinct 
striking  fact.  Mr.  Murray 
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f.o  further  on,  though  they  opened  water  comrmiuication  between  the  fndfiiS- 
and  Ganges  rivers,  probably  did  so  only  in  the  torrential  region-,  whirih  is 
not  frequented  by  the  dolphins,  and  the  difference. existing  between  the 
two  species  indicates  a  more  prolonged  separation  than  could  -  have  been  - 
the  case  had  there  been  migration  from  one  drainage  area  to  the  otjter, 
when  they  were  put  into  communication  with  each  other  by  the  wanderings  of 
the  rivers  near  the  present  limits  of  the  fwo.draioage  areas.  'We  are.  c'onsev 
quently  driven  to  suppose,  either  that  the  two  closely  sillied  species-originated 
independently  of  each  other,  which  is  extremely  improbable  to  say  the  .least, 
or  that  the  great  bulk  of  the  Himllayan  drainage  once  found  its  way  to  the 
sea  by  a  single  delta,  instead  of  two,  and  this  -must  have  been  either  at  the 
head  of  the  Arabian  sea,  or  of  the  Bay  of  Bengal.  The  indications  of  the. 
sea  having  extended  up  the  Indus  valley  within  the  recent  period,  and  the 
absence  of  any-  similar  indications  in  the  delta  of  the  Ganges,  make  it 
probable  that  the  former  was  the  original  outlet  ot  the  drainage,  and  that, 
the  formation  of  the  gap  between  the  Rijmabai  and  Garo  hills,  and  of 
the  Gangetic  delta,  is  geologically  of  recent  date. 

On  the  western  edge  of  the  delta  in  Bengal  there  is  a  large  area  of 
older  alluvium,  whose  surface  is  slightly  undulating,  evidently  ’in-conse¬ 
quence  of  denudation.  This  tract,  which  is  continuous  with  the  alluvial 
area  of  the  east  coast,  comprises  the  greater  portion  of  the  country  to  the 
westward  of  the  Bblginithi  and  Hdghli,  and  probably  owes  Its  comparative 
elevation  to  the  deposits  from  the  Mor,  Adjai,  and  Damodar,  rivers. 


The  great  plain  of  Northern  India  is  the  area  of  an  alluvial  deposit  older 
than  that  of  the  delta,  and  the  greater  portion  of  the  area  is  composed  of 
bhdngar  land,  through  which  the  rivers  cut  their  khddar  valleys  at  depths 
of  from  50  to  200  feet  below  the  general  level  The  Hangar  surface,  as 
a  rule,  is  nearly  flat,  but  is  much  cut  up  by  ravines  in  the  neighbourhood 
of  the  rivers.  .  - 

The  question  as  to  whether  the  great  rivers  are  on  the  whole,  raising  their 


(Geographies!  Distribution  of  Mammals, 
p.  213)  propositi  an  ingenious  hypothesis  So 
account  for  the  phenomenon.  He  considered 
that  the  plain  of  upper  India  was  once  an 
arm  of  the  sea,  that  it  teas  cut  off  by  the  rise 
of  the  coast  in-Sind  and  Catch,  and  gradually 
comerted  into  a  brackish,  and  then  a  fresh 
water  lake,  discharging  itself  by  the  Gunge*, 
that  meantime  tie  marine  dolphins  inhabiting 
the  sea  had  gradually  become  adapted  to  the 
changed  conditions,  and  had  in  fact  become 
Plctanjs!<a.  He  then  supposes  that  the 
Ganges  was  cut  off  from  the  lake;  which  over¬ 
flowed  again,  ami  this  time  into  the  Arabian 


Sea,  the  dolphins  of  the  Ganges  abd  Indus 
being  specialised  during  the  change.  It  would 
be  unnecessary  to  refer  to  this  hypothesis, which, 
of  course  is  little  mote  than  %  suggesiion,  but  ’ 
for  the  large  amount  of  support  the  idea’  -has 
received  from  natari’ists.  It'  is  of  c»uh,e 
foreign  to  the  purpose  of  the  -present  wit -to 
discuss  the  genesis  of  Platanista,  but,  as  will 
:  be  shown,  the  'geological  phenomena  of  the 
Indb-Gangetio  plain  'do  not"  bear  oat  "Mr- 
Murray's  hypothesis,  which,  it  should  be  stated,  - 
%vas  never  proposed  sg  a  geological-theory,,  but 
merely  is  illustrative  of  the  possible  tootle  of, 
origin  of  allied  species,  ‘ 
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beds  by  a  deposit  of  silt,  or  cutting  their  channels  deeper,  has  been  much 
discussed  without  leading  to  any  definite  conclusions.  The  abrupt  scarps 
by  which  the  bhdngar  is  not  unfrequently  terminated,  and  the  defined 
limits  of  the  khddai ,  clearly  prove  that  the  latter  has  been  at  some  time  or 
other  an  area  of  denudation,  but  it  is  not  easy  to  tell  whether,  at  the  pre¬ 
sent  time  in  any  given  stream,  the  tendency  is  to  raise  or  lower  the 
general  kh&dar  level.  It  is  also  by  no  means  so  evident,  as  might  at 
first  sight  be  supposed,  whether  the  bhdngar  land  generally  is  an  area  of 
denudation  or  of  deposition,  although  this  can,  as  a  rule,  be  easily  seen 
in  each  particular  area.  Thus  the  minor  hill  streams  from  the  lower  ranges 
of  the  Himalayas  between  the  Sutlej  and  Jumna  must  deposit  sediment,  for 
they  cease  within  the  area,  whilst  between  the  Jumna  and  the  Ganges  nu¬ 
merous  streams  rise  in  the  bhdngar ,  and  they  must  be  denuding  agents. 
In  the  neighbourhood  of  the  kh&dar,  bhdngar  land  is  frequently  cut  into 
by  ravines,  which  prove  conclusively  that  the  surface  of  the  country  is  being 
washed  away,  but  all  such  marks  of  rain  action  cease  at  no  great  distance 
from  the  low  ground,  and  the  principal  secondary  streams,  instead  of  run¬ 
ning  from  the  upland  bhdngar  by  the  nearest  route,  at  right  angles,  or 
nearly  at  right  angles  to  the  main  river,  usually  pursue  a  nearly  parallel 
course  down  the  middle  of  each  do&b }  or  triangular  area  between  two 
principal  streams. 

As  the  velocity  of  the  rivers  where  they  leave  the  hills  is  much  greater 
than  in  th'e  alluvial  plains,  there  must,  so  long  as  diminution  takes  place  in 
velocity  of  the  water  when  the  river  is  carrying  as  much  earthy  matter  as 
it  can  transport,  be  a  continuous  deposition  of  detritus,  and  a  gradual 
raising  of  the  area  flooded  by  the  stream.  This  is  the  case  even  in  the  larger 
rivers  which  carry  a  considerable  body  of  water  at  all  times,  while  the 
effect  of  the  small  streams,  which  dry  up  more  or  less  for  a  great  portion 
of  the  year,  but  are  converted  into  muddy  torrents  charged  with  coarse 
sediment  during  the  heavy  rains  of  the  summer  monsoon,  is  necessarily  to 
raise  the  surface  of  each  dodb ,  especially  in  the  neighbourhood  of  the 
hills,  and  to  produce  floods  from  which  finer  sediment  is  deposited  on  the 
surface  of  the  bhdngar  land.  Whether  the  addition  thus  produced  is,  on 
the  whole,  greater  than  the  wasting  of  the  surface  from  rain  is  a  question 
which  it  is  impossible  to  decide  throughout  a  great  part  of  the  country. 

One  question,  which  presents  itself,  is  the  necessity  of  accounting 
for  the  rivers  now  cutting  their  channels  at  a  level  considerably  below 
that  of  the  alluvial  bhdngar  flat,  because  this  flat  must,  at  all  events 
in  the  neighbourhood  of  the  khddar ,  have  been  deposited  by  streams 
from  the  same  drainage  area,  at  a  period  when  the  main  river  ran 
at  a  comparatively  higher  level.  '1  he  change  may  be  due  to  a  general 

1  A  Persian  word,  meaning  ‘  two  waters,'  and  |  well  as  to  the  land  intervening  between  them, 
applied  to  the  confluence  of  two  rivers,  as  | 


depositing  agents. 

One  point  of  interest  has  been  explained  by  Mr.  Fergnsson  in  the 
paper  so  often  mentioned.  A  glance  at  the  map  will  show  that  the 
Ganges  from  AHahdbdd  to  Rijmahdl,  and  the  Jumna  from  Delhi  to  Alla- 
hiibdd.  Bow  close  to  the  southern  margin  of  the  great  alluvial  plain.  This- 
is  due  to  the  enormous  quantity  of  silt  brought  down  by  the  Himilayan 
rivers,  and  the  comparatively  small  supply  furnished  by  those  streams 
which  debouch  into  the  Ganges  valley  from  the  southward.  The'northern 
portion  of  the  plain  has  consequently  been  raised,  and  the  main  drainage 
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not  known  how  far  this  difference  is  due  to  the  greater  rainfall  to  the 
eastward,  and  to  the  streams  being  consequently  able  to  carry  away  the 
gravel  as  they  cut  down  their  bed  in  the  rock,  whereas  weaker  streams  are 
prevented  from  cutting  back  their  channels  by  their  inability  to  wash 
away  the  gravel  they  have  already  deposited.  There  have  doubtless 
been  alterations  of  the  gradients  of  the  stream  beds  through  recent 
upheaval  or  depression  of  the  surface,  and  that  these  would  have  as  much 
influence  on  the  present  action  of  the  streams  where  they  cross  the  bhdbar 
zone  as  the  rainfall. 

In  connection  with  the  surface  of  the  upper  provinces  another  peculiar 
local  feature  requires  explanation.  Many  tracts  of  land  in  the  Indo- 
Gangetic  alluvial  plain  are  rendered  worthless  for  cultivation  by  an 
efflorescence  of  salt,  known  in  the  North-West  Provinces  as  reh, 
and  further  west  as  kalar  (kullar).  The  name  usar,  meaning  barren,  is 
frequently  applied  to  land  thus  affected.  The  salt  varies  in  composition  ; 
it  consists  chiefly  of  sulphate  of  soda  mixed  with  more  or  less  common 
salt  and  carbonate  of  soda;  it  is  only  found  in  the  drier  parts  of  the 
country,  being  unknown  in  damper  regions,  such  as  Bengal. 

The  tisar  plains  have  existed  for  an  unknown  time.  Where  the  reh 
or  kalar  is  abundant,  the  water  in  the  upper  stratum  is  impregnated  to 
an  extent  that  is  productive  of  serious  injury  to  the  health  of  the  popula¬ 
tion.  Td  a  greater  or  less  extent  this  pollution  of  the  water  near  the 
surface  is  general  throughout  Upper  India,  yet  sweet  water  is  obtainable, 
in  the  worst  reh  tracts,  at  depths  below  60  to  80  feet. ' 

It  is  consequently  clear  that  the  impregnation  of  the  soil  is  superficial, 
and  as  the  upper  deposits  are  demonstrably  of  fresh  water  formation,  they 
must  originally  have  been  comparatively  free  from  impurities.  Still  all  soils 
contain  some  salt,  and  all  the  water  draining  from  soils  is  impregnated  to 
a  certain  extent.  The  salts  forming  reh  or  kalar  appear  to  be  the  refuse 
products,  and  to  consist  of  such  substances,  resulting  from  the  various  pro¬ 
cesses  involved  in  the  decomposition  of  rock,  or  of  detritus  derived  from 
rock,  and  the  formation  of  soil,  as  are  not  assimilated  by  plants.  Unless 
these  salts  are  removed  they  must  accumulate,  and  the  natural  process  of 
removal  is  evidently  by  rain  water,  percolating  through  the  soil  and  carry¬ 
ing  off  any  injurious  excess  of  the  rejected  sails.  If  the  amount  of  water  be 
sufficient,  and  through  drainage  exists,  there  will  be  a  constant  dilution  and 
renewal  of  the  subsoil  water,  but  if  the  water  reaching  the  subsoil  can  only 
be  dissipated  by  evaporation  during  (he  dry  season,  salts  will  accumulate  in 
such  subsoil  water,  and  as  this  water  is  brought  to  the  suriace  by  capillary 
action,  and  evaporated,  the  salts  held  in  solution  will  be  loll  as  an 
efflorescence  on  the  surface  of  the  ground. 

That  the  composition  of  reh  docs  not  dilfer  greatly  from  that  ol  tin 
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salt's  produced  by  the  decomposition  of  such  rocks  as  have  contributed  by; 
their  disintegration  to  the  formation  of  the  alluvial  plains  of  Jndlia,  Ushovt  n 
by  the  composition  of  the  river  water  !  running  from  the  Himalayas,  the 
mountains  from  which  the  detritus,  now  forming  the  plains  of  India,  was 
originally  derived. 

In  the  case  of  Upper  India  it  is  easy  to  understand  how  the  destruc¬ 
tion  of  the  conditions  necessary  for  cultivation  has  been  established, 
and  it  is  by  no  means  improbable  that  a  similar  process  has,  in  •other 
parts  of  the  world,  changed  countries;  once  fertile  and  populous*  into ' 
barren  deserts.  The  whole  country  is  treeless.  For  a  great  part  of  the 
year  a  scorching  sun  and  a  parching  wind  dry  up.  the  moisture  in  the' 
ground,  rendering  it  hard  and  impervious  to  water.  When  the  rains  of. the 
monsoon  season  fall,  a  large  proportion  of  the  water  Tuns  off.  the  surface, ' 
and  the  earth  is  unable  to  absorb  more  than  a  portion  of  what  remains. 
Thus  a  great  part  is  evaporated  without  penetrating  the  ground. ,  The  little 
that  does  percolate  through  cracks,  and  in  a  zig-zag' way,  through’ the 
more  porous  layers  to  the  upper  water  stratum,'  is  no  more  than  sufficient 
to '  replace  what  has  been  dissipated  by  evaporation,  fed  by  capillary  ■ 
action. 


This  more,  or  less  complete  want  of  water  circulation  in  the  subsoil 
must  have  been  gradually  producing  its  effects  in  Upper  India  throughout' 
many  generations.  The  natural  process  is  so  slow  that’  it  woufd  escape 
notice  were  it  not  that  from  time  to  time  larger  tracts- of  land  become 
barren.  A  disturbing  cause  has,  however,  been  introduced  in  the  'form 
of  great  irrigation  canals.  Their  immediate  effect  is  to  raise  the  level". ' 
of  the  teh  polluted  subsoil  water,  and  thus  to  produce  a  great  increase’  of  ' 
evaporation,  with  the  natural  result  of  more  reh  being  left  on  the  sur¬ 
face,  and  more  land  being  thrown  out  of  cultivation.  It  is  impossible-’ 
to  enter  at  length  into  the  subject  here,  but  it,  may  be  stated  that,  as  all  • 
canal  water  contains  salts  in  solution,  whilst  rain  water  contains  none,’ the' 
only  change  in  conditions,  so  far  as  the  concentration  of  salts  in  the  soil  is:’ 
concerned,  by  the  addition  of  canal  irrigation,  unless  facilities  for  drainage  ; 
of  the  subsoil  water  ate  also  provided,  must  be  the  addition  of  all-  the 
refuse  salts  contained  in  the  canal  water  to  those  which  would  Be  pro¬ 
duced  on  the  surface  by  the  simple  action  of  raiu  and  evaporation. 

South  and  west  of  Delhi  and  west  of  Agfa,  brine  is  obtained  m  places' 
from  wells  in  the  alluvium!  No  particulars  have-  been  recorded  .which  ;’ 


1  In  several  analyses  of  river  aiid  canal  water 
from  the  Ganges  and  Jutnns,  the  .proportion 
of  sulphate  of  soda  varied  from  O‘opi4  to 
c'4325  part'  in  10,000 ;  chloride  of  sodium 
from  O’or<23  to  005  parp  The  proportion  of1. 


in  'reh.  See  Sit.  Rue.  &fWt„  India,  D.  P.  lit, .  i 
No.  XUI,  p;  47.  (1864). .  An  a  We  and  de¬ 
le  ”••(!  account  of  the  origin,.compoMtion.and 
mode  of  concentration  of- the  reh  salts  by  Mr; 
W.  Center,  m.b.,  •  will' be  found  in.  Rec.m<h, 

xni,  253-273,  (1886). .....  -  •, .  ,■  • 
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explain  the  occurrence  of  salt  in  these  localities.  The  case  is  similar 
to  that  already  mentioned  in  the  Purna  valley  in  Berar.  The  distribu. 
tion  of  the  salt  producing  ground  appears  irregular,  and  this  is  in  favour 
of  the  salt  being  derived  from  springs  in  the  rock  beneath  the  alluvium. 

The  plains  intersected  by  the  five  great  rivers  which  combine  to  form 
the  lower  Indus  are  not,  as  a  rule,  simply  divided  into  bhdngar  and  khadar 
like  the  plains  of  the  North-West  Provinces.  Owing  probably  to  the 
greater  fall  in  the  Punjab  rivers,  their  deposits  are  very  sandy,  and  this 
character  tends  to  diminish  the  pluvial  denudation  of  the  surface  by  allow¬ 
ing  the  water  to  sink  into  the  soil.  The  action  of  winds  upon  the  sand 
of  the  river,  the  formation  of  bhur  land,  and  the  elevation  of  the  ground  in 
the  neighbourhood  of  the  river  banks  above  the  intervening  tracts,  through 
the  deposition  of  blown  sand,  are  exhibited  in  the  Punjab  to  a  greater 
extent  than  in  the  Gangetic  plain. 

To  .the  south-east  the  limits  of  the  Punjab  alluvium  are  difficult  to 
trace,  owing  to  the  manner  in  which  both  alluvium  and  rock  are  concealed 
by  blown  sand.  The  same  is  the  case  throughout  the  eastern  margin  of 
the  Indus  alluvial  plain  in  Sind. 

The  ancient  geography  of  the  Punjab  is  far  better  known  than  that  of 
most  parts  of  India,  partly  because  the  civilisation  of  north-western  India 
is  older  than  that  of  other  parts  of  the  country,  but  still  more  because  of 
the  accurafe  descriptions  given  by  Greek  writers  of  the  Indian  campaigns 
of  Alexander  the  Great.  It  is  consequently  possible  to  form  some  idea  of 
the  principal  alterations  which  have  taken  place  in  the  course  of  the  last 
2,000  years,  in  the  channels  of  the  great  Punjab  rivers,  but  our  best  guide  un¬ 
fortunately  fails  us  at  the  most  critical  point.  Alexander  never  penetrated 
to  the  eastward  beyond  the  land  of  the  five  rivers,  and  there  is  but  little 
except  vague  tradition  to  tell  whether  the  present  tributaries  of  the  Indus 
have  ever  flowed  into  the  Ganges,  or  those  of  the  Ganges  into  the 
Indus.  Yet  it  is  certain  that  in  no  part  of  the  great  Indo-Gangelic  plain 
have  more  important  changes  taken  place  since  the  dawn  of  history  than 
in  the  neighbourhood  of  the  watershed  between  the  Indus  and  Ganges. 

An  inspection  of  the  map  accompanying  this  chapter  will  show  a 
dried  up  river  channel,  which  can  be  traced  from  the  neighbourhood  of 
Sirsci  into  connection  with  the  eastern  Narra  in  Sind,  and  local  tradition 
states  that  this  was  formerly  occupied  by  a  flowing  river.  At  present  this 
channel  is  dry,  except  in  its  upper  part,  where  it  periodically  carries,  for 
a  greater  or  less  distance,  the  flood  waters  of  the  minor  streams  which 
drain  the  outer  Himalayas  between  the  Sutlej  and  the  Jumna.  The  origin 
of  the  channel  is  situated  at  the  junction  of  the  alluvial  fans  of  the  Sutlej 
and  Jumna,  as  is  shown  by  the.  course  of  the  minor  drainage  channels,  and 
there  are  abandoned  river  courses  leading  from  it  in  the  direction  of  the 
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debouchures  of  those  hvn  rivers  from  the  hills.  71;'.  re  ran.be  no  room  fof 
doubt  I  hat,  within  the  period  known  geologically  us  recent,  tins  river 
oh, -it. no!  named  a  flowing  stream  to  the  sea,  and  there  7s  some  evidroee/ 
.apari  from  ora!  tradition,  to  show'  that  its  drying  up  took  place' within  the 
historical  period.  -  •  . 

Tim  Muhammadan  historians  of  the  eleventh  and  twelfth  centuries; 
uniformly  speak  of  the  combined  Sutlej  and  BiSs  rivers,  now  known  as 
the  Garnih  or  Sutlej,  as  the  Biyah,  a  nomenclature  'which  is  also  employed 
in  the  Hindu  annals  of  Jaisalmcr.  This  retention  of  the  name  of  the 
smaller  of  the  tiro  rivers  for  the  combined  waters,  where  .there  is  Tin 
superior  sanctity  to  recommend  if,  shows  that  the  rivers  must  have  received.  - 
their  actual  names  at  a  period  when  the  Sutlej  '  did  not  join  the  Bids, 
but  pursued  an  independent  course,  and  the  subsequent  abandonment  of 
the  illogical  nomenclature  may  be  held  to  show  that  the  alteration  of  the 
course  of  the  Sutlej  which  look  it  into  tho  Bids  did  not  take  place  much  • 
before  the  eleventh  century.  Previous  to  this  change  it  doubtless  flowed 
down  what  is  now  the  .dry  river  bed  known  as  the  Hdkra  or  Wan  dan,  and 
there,  is  some  evidence,  though  far  from  conclusive,  that  it  followed  this 
course  as  late  as  the  eleventh  century  of  our  era.1  •.  ■  , 

The  traditions  of  the  Hindus  point  to  a  time  when  a  targe  and  sacred 
river,  known  as  the  Saraswatf  and  described  as  ‘chief  and  purest  of  rivers 
flowing'  from  the  mountains  to  the  sea/  pursued  its  course  through  the 
eastern  Punjab.  The  modern  Saraswatf  is  an  insignificant  streani  fed  by  the  • 
drainage  of  the,  outer  hills  alone,  becoming  nearly  dry  in  the  hot  season  and 
losing  itself  in  the  sands  of  the  Rdjputina  desert.  It  is  absurd  to  .suppose 
that  the  language  of  the  Vedas  could  have  been  applied,  or  that  any  con¬ 
ceivable  alteration  of  the  rainfall  could  have  made  it  applicable,  to  the 
Saraswatf  of  the  present  day,  and  the  most  reasonable  explanation  is, 
as  suggested  by  Mr.  Fergusson,  that  the  Saraswatf  was  in  fact  the  Jumna, 
which,  in  the  Vedic  period,  pursued  a  westerly  course  to  the  sea,  probably 
down  the  dry  river  channel  just  referred  to,®  It  is  certainly  a  suggestive 
fact  in  this  connection,  that  when  the  Brahmaputra  changed  its  course 
through  Bengal  about  the  commencement  of  the  present  century  a.nd  flowed 
west  of  the  Midhupur  jungle  to  join  the  Ganges,  the  new  channel  was  named 
Jamuna,  a  word  etymologically  identical  with  Jumna.  On  similar  principles 
the  old  Saraswatf,  whets  it  broke  eastwards  to  join  the  Ganges,  may  have 
assumed  the  name  Jamuna  or  Jumna  for  its  new  course,  .and  if  this  ex¬ 
planation  be  correct,  the  Hindu  legend  that  the  Saraswatf  joins  the 
Ganges  at  Prayag  or  Allahabid,  is  unwittingly  a  true  statement  of  fact 
This  bringing  of  the  change  in  the  course  of  the  Jumna  river,  which  . 

’  See  au  interesting  but  anonymous  article  j  C.  F.  Oldham  j  also  four.  As.  Sac.  Bung.,  LV, 
in  the  Calcutta  Review,  Vo’.  LiX, -pp.  t  29,  j  91,11,322—43,(1887).  , 

<*«7-0  understood  to  bo  by  Surgeon-Major  1  2  Quait.  four.  Geel.  Sec,  XIX,  348,  (1863),  ■ 
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has  indubitably  taken  place,  down  to  so  recent  a  date  is  interesting,  for  the 
change  must  have  occurred  previous  to  the  present  distinction  of  khadar  and 
bhangar,  and  if  this  distinction  has  been  produced  since  the  Aryan  invasion 
the  question  naturally  arises  whether  it  may  be  due,  not  to  movements  of 
elevation  or  depression,  but  to  the  clearing  of  the  land  from  forest,  and  the 
extension  cf  cultivation  in  the  plains,  and  more  especially  in  the  hills, 
which,  by  allowing  the  rain  to  flow  more  quickly  off  the  surface,  would  in¬ 
crease  ,the  erosive  power  of  the  rivers  when  in  flood,  and  cause  them  to  cut 
down  their  channels  into  the  plains  over  which  they  formerly  flowed. 

The  surface  of  the  Indus  alluvium  in  upper  Sind  differs  but  little  from 
that  of  the  Punjab,  a  considerable  portion  of  the  area  is  annually  flooded, 
and  the  whole  drainage  of  a  great  river  being  here,  as  in  Assam,  confined 
to  a  comparatively  narrow  tract,  some  permanent  marshes  of  large  size  exist. 
The  two  most  important  marshy  tracts  are  along  the  western  edge  of  the 
valley  from  near  Jacobabdd  to  the  Manchhar  lake  near  Sehwan,  and  along  the 
eastern  edge  from  Khairpur  to  below  Umarkot.  The  latter  is  the  channel 
considered  by  some  the  ancient  course  of  the  Sutlej.  In  the  neighbour¬ 
hood  of  the  Indus  the  ground  is  rather  higher,  having  evidently  been 
raised  by  the  deposit  of  silt,  aided  doubtless  by  the  action  of  the  wind  on 
the  sands  of  the  river  bed. 

Along  die  edge  of  the  Kirthar  range,-  west  of  Sind,  there  is  a  well 
marked  bkdbar  slope  of  gravel,  but  the  breadth  seldom  exceeds  one  to 
two  miles  except  where  rivers  run  out  of  the  range.  -This  gravel  slope 
is  absolutely  barren,  and,  like  other  features  in  Sind  geology,  is  more 
conspicuous  on  account  of  its  barrenness. 

There  is  one  singular  feature  in  the  Indus  valley  to  which  nothing- 
parallel  is  to  be  found  in  the  Gangetic  area.  The  river  between  Sukkur 
and  Rohri  has  cut  its  way  through  a  low  range  of  limestone  hills,  surround¬ 
ed  on  all  sides  by  alluvial  deposits.  The  eastern  Narra,  fed  by  the  flood 
waters  of  the  Indus,  traverses  an  alluvial  tract  eastward  of  the  hills.  In 
fact,  the  circumstance  that  the  flood  waters  of  the  Indus,  both  to  the  east 
and  west, ’traverse  plains  at  a  lower  level  than  the  river  bed,  is  shown 
by  the  course  of  the  canals,  and  great  fears  have  been  entertained  that 
the  Indus  may  desert  its  present  channel  and  break  out  to  the  westward, 
through  the  plain  in  which  Jacobdbid  is  built,  into  the  line  ot  marshes 
already  mentioned.  The  curious  features  of  the  tract  are  not  even  con¬ 
fined  to  the  present  river  course,  for  at  Aror,  four  miles  south-east  of  Rohri, 
there  is  another  gap  in  the  limestone  range,  said,  on  what  is  believed  to 
be  good  historical  evidence,  to  have  been  the  bed  of  the  river  rather  more 
than  nine  centuries  ago.1  At  that  time  the  main  stream  is  supposed  to  have 

'Cunningham,  Ancient  Geography  of  India,  London,  1871, 1,  pp.  257.  264,  etc. 
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-be  a  little  above  Haidarabad,  where  the  Phuleli  stream  leaves  the  river.1 
The  channels  of  the  delta  frequently  change,  more  frequently  perhaps 
than  in  the  case  of  the  Ganges.  The  sea  face  is,  in  all  probability,  deter¬ 
mined  by  marine  currents,  and  it  is  improbable  that  any  great  change  is 
likely  to  take  place  through  the  deposit  of  sediment. 

The  eastern  part  of  the  Indus  delta  now  receives  but  little  water  from 
the  river.  It  is  said  that  a  large  area  of  country  in  the  neighbourhood  of 
the  K.ori  mouth  was  depressed  during  the  earthquake  of  1819,®  and  that 
the  great  size  of  the  Kori  creek  is  due  to  the  depression.  A  very  large 
area  north-west  of  the  Kori  creek  is  covered  with  salt,  sometimes  a  foot 
or  even  more  in  thickness,  deposited  from  sea  water. 

In  the  neighbourhood  of  the  sea  the  soil  is  usually  argillaceous  and 
firm,  but  in  the  upper  part  of  the  delta  the  whole  surface  is  composed 
of  loose  micaceous  sand  with  but  little  clay,  and  the  rivers  consequently 
have  unusual  facilities  for  changing  their  channels.  The  littoral  portion 
of  the  delta  is  so  low  that  a  broad  tract  of  country  is  always  overflowed  at 
spring  tides,  whilst  the  bottom  of  the  sea  in  the  neighbourhood  of  the  coast 
is  so  shallow,  and  the  slope  outwards  so  gradual,  that  large  vessels  cannot, 
in  many  places,  come  within  sight  of  the  land.  A  tract  of  country  of  variable 
width,  but  in  places  several  miles  broad,  along  the  sea  face  of  the  delta,  is 
annually  flooded  by  the  rise  of  the  river,  the  water  being  kept  higher  than 
it  would  otherwise  be  by  the  influence  of  the  south-west  monsoon. 

Reference  has  already  been  made  to  the  Rann  of  Cutch,  and  it  was 
pointed  out  that  this  tract  of  country  is  evidently  an  old  marine  gulf  now 
silted  up.  A  brief  description  of  the  area  and  its  peculiarities  may, 
however,  be  well  added  to  the  account  of  the  Indus  delta,  which  it  adjoins 
to  the  eastward. 

The  Rann8  consists  of  an  immense  marshy  salt  plain,  scarcely  above  the 
sea  level  and  stretching  for  200  miles  from  east  to  west,  and  in  places 


1  A  very  good  description  of  the  Indus  delta 
has  been  given  by  Lieutenant  T.  G.  Carless, 
Jour.  Roy. ^  Geog.  Soc.,  VIII,  328.  (1838),  re¬ 
printed  in  Sol.  Sec.  Bombay  Govt.,  XVII,  461- 
500,  (1855).  See  also  a  memoir  by  Assistant 
Surgeon  ].  F.  Heddle,  (ibid,  p.  403).  For  the 
ancient  changes  in  the  delta  of  the  Indus  see 
also  Cunningham,  Ancient  Geography  of 
India,  p.  283,  etc. 

“  It  is  slated  by  Carless,  Jour.  Roy.  Geog. 
Soc.,  VII 1,  366,  (j838),  that  the  alluvial  form¬ 
ations  exposed  On  the  bank  of  the  Kori  creek 
opposite  Kotasir  are,  with  the  exception  of 
the  uppermost  layers,  broken  up  in  confused 
masses,  and  inclined  to  the  horizon  at  an  angle 
of  30  or  40  degrees.  The  disturbance  is  attri¬ 


buted  to  the  earthquake.  It  would  be  well 
however,  that  the  spot  should  be  examined  by 
an  experienced  geologist,  as  the  vagaries  of 
false  bedding  (or  oblique  lamination)  in 
sands  and  silts  deposited  by  the  strong 
'currents  of  an  estuary,  are  very  likely  fo 
mislead  any  one  unaccustomed  to  the  peculiar 
appearance  of  these  deposits. 

5  For  a  fuller  description  of  the  portion  north 
of  Cutch  by  Mr.  Wynne  see  Memoirs ,  IX  > 
14,  (1872).  See  also  Burnes,  Travels  in 
Bokhara,  2nd  ed.,  London,  1835,  I,  p.  316; 
Grant,  Geol.  Trans.,  2nd  series,  V,  3181 
(1840);  Frere,  Jour.  Roy.  Geog.  Soc.,  .XL , 
181,  (1870);  Rogers,  Quart.  Jour.  Goal.  Soc. 

XXVI,  118,  (1870)- 
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r!y  i no  fnrni  lioriit  to  south.  From  the  south-east; t?rn  extremity  a  low, 
alluvial  tract  dividing  Abr»ad,lh;M  from  KiUliidwdr,  and  including  an  ex* 
i.-ni-ivi;  biarkihb  water  marsh  c;j ! led  the  Nnl,  connects  the  Ratm  with  the 
iusifl  u!  Uh-  Oiilf  of  Cambay,  A  very  trifling  depression,  probably  not 
ntitottnling  to  50  fi'ftj  would  convert  KfUbiawAr  into  an  island,  a'iid  even, a 
smaller  amount  of  sinking  would  suffice  to  isolate  C'ulch  completely ; 
imlced,  it  is  now  an  island  dosing  the  prevalence  of  the  sont1t-« est  rrson-- 
mon,  when  the  sea,  raised  by  the  wind,  dams  track  the  water  brought  into 
She  Rami  by  the  various  rivers  which  drain  into'thc  flat  from  RAjpufana, 
tnijantl,  and  Catch,  in  the  same  manner  as  the  level  of  the  creeks  is  raised 
in  the  Indus  delta.  At  this  time  portions  of  the  Rann  are  seven  feet  under’ 
water,  but  the  average  depth  does  not  exceed  five  feet.-  The  inundation 
lasts  from  July  to  the  end  of  November,  and  portions  of  the  surface,  espe-. 
dally  a  tract  to  the  westward  near  Sindri,  depressed  by  the  earthquake  of 
1 8 1 9,  are  constantly  covered  with  water.  Below  this  wafer  there  is,  in 
places,  a  bed  of  salt,  sometimes  as  much  as  three  or  four  feet  in  thickness. 

There  can  be  little  doubt  that  the  Rann  was  a  gulf  of. the  sea  within 
recent  times.  Not  only  do  the  traditions  of  the  country  all  agree  With, 
this  view,1  but  the  present  condition  of  the  surface,  an  immense  flat  of 
sandy  mud,  can  only  be  explained  by  supposing  that  the  tract  is  the  site  of 
an  inlet,  now  silted  up.  The  barren  condition  of  the  surface  is  due  to 
flooding  by  sait  water  at  one  season,  and  hot  dry  weather  at  oilier  times ; 
the  soil  is  consequently  too  salt  to  support  even  the  vegetation,  such 
as  mangroves,  which  will  grow  in  ordinary  sea  water.  Unless  further' 
depression  takes  place,  the  surface  must  be  gradually  raised  by  the  silt, 
brought  in  by  rivers,  and  the  tracts  which  support  vegetation  must  extend. 

The  depression  of  an  area  of  2,000  square  miles  around  the  fort  of  Sindri 
in  the  western  part  of  the  Rann,  at  the  time  of  great  earthquake  of  i  8x9,  has 
been  described  so  often,8  that  it  appears  unnecessary  to  repeat  the  account 
here.  In  this  case  the  circumstance  which  enabled  the  changes  of  level 
to  be  accurately  estimated  was  the  fact  that  the  whole  of  the  tract  affected 
was  very  nearly  at  the  sea  level,  and  so  dose  to  the  sea  that  it-  was 


5  There  is  some  historical  evidence  also. 
When  Alexander  the  Great  sailed  down  the 
Incus  lie  passed  through  the  great  eastern 
luanch,  then  the  main  stream  of  the  river,  but 
now  dry,  to  tho  Kori  month.  Near  this  mouth 
he  fame  to  a  great  lake  (Arrian  ;  “  Anabasis,’-' 
V 1, 20).  Mention  is  also  made  of  a  great  lake*- 
like  expanse  of  water  in  this  direction  by  some 
Miilhntif'.citin  historians.  Sir  B.  Frere  also' 
states  on  apparently  good  traditional  evidence, 
dial  Virawah,  in  Nagar  PArkar,  north-east  of 
the  kaiin,  was  a  seaport  from  500  to  800  years 
ago,  yoiu,  AVr.  a eel.  Sue.,  XL,  1951  (1876) 


No  mention  of  any  sea  north  of  Catch  appears 
i  to  have  been  made  by  the  Chinese  travellers 
of  the  seventh  century Cunningham,  Ancient 
Geography  of  India,  I,  9,302. 

1  An  account  is  given  in  Lydl’s  .Princ.iplts, 

1  ed,  1868,  II,  pp.  97-104,  and  has  been  copied, 
I  into  many  text-books.  For  a  very  Ml  descrip-, 
lion  by  Mr,  Wynne  s<x' Mtw.oi-.-s,  !N,  29-47, 
(1872).  Mr.  Wynne  doubts  -whether  the  Allah 
:  Bund  was  really  raised,  and  suggests,  with 
much  probability,  that  the  appearance  of  ele¬ 
vation  was  due  to  the  depression  of  the  ground 
around  Sindri,  south  of  the  Allah  B.und.  . 
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flooded  immediately.  A  further  depression  is  said  to  have  taken  place 
in  1845  in  the  same  neighbourhood.1 

At  first  the  effect  of  the  depression  in  1819  was  to  produce  a  great  sheet 
of  water,  navigable  by  boats  of  some  size,  but  this  has  gradually  silted 
up,  and  Mr.  Wynne,  on  visiting  the  ruins  of  Sindri  in  January  1869,  found 
that  the  greater  portion  had  been  filled  up  to  nearly  the  level  of  the  Rann, 
and  that  but  a  small  shallow  pool  remained  around  Siiidri  itself. 


Though  not,  strictly  speaking,  part  of  the  Indo-Gangetic  alluvial  plain, 
this  will  be  the  best  place  to  notice  that  great  accumulation  of  blown  sand, 
in  the  tract  between  the  Indus  and  the  Ardvallis,  which  is  known  as  the 
Indian  desert.  The  name  implies  a  greater  degree  of  barrenness  and  soli¬ 
tude  than  is  actually  the  case.  Shrubs  and  grass  tufts  are  scattered  thinly 
over  nearly  the  whole  area,  small  trees  are  not  infrequently  met  with,  and  it 
supports  large  numbers  of  sheep  and  cattle,  and  a  hardy  population,  civilised 
enough  to  build  cities  and  palaces  and  wells  of  hundreds  of  feet  in  depth. 

Over  the  whole  of  this  area  sand  hills  are  scattered  more  or  less  thickly, 
but  the  great  accumulation  of  blown  sand  forms  a  strip  along  the  north  of 
the  Rann  of  Cutch,  from  which  two  arms  run,  one  northwards  by  Umarkot 
and  then  turning  north-east  and  running  north  of  Jaisalmer  to  Bikaner  ; 
the  other  running  north-eastwards  between  Bdlmer  and  Jodhpur  and  co¬ 
alescing  with  the  first  about  Bikaner.  The  central  area  of  Jaisalmer. 
Balmer  and  Pokaran  is  rocky,  with  comparatively  few  and  scattered  sand 
hills. 

The  sand  hills  are  of  two  types.  One  of  these,  admirably  delineated 
in  the  Trigonometrical  Survey  maps,  is  of  the  ordinary  type  of  sand 
dune.  Its  longer  axis  is  at  right  angles  to  the  prevailing  direction  of 
the  wind,  and  it  presents  a  long  gently  sloping  face  to  windwards,  up 
which  the  sand  grains  are  driven,  and  a  steep  face  to  leeward,  down 
which  they  roll,  whose  slope  coincides  with  the  angle  of  repose  of  the  dry 
sand. 

The  other  type  is  one  which  is  not  noticed  in  the  text-books.  It  is  very 
largely  developed  in  the  Thar  district  of  Sind  to  the  north  of  the  Rann  of 
Cutch,  and  appears,  equally  with  the  first  type,  to  owe  it  sform  to  the 

1  Nelson,  Quart.  Jour.  Geul.  Soc.,  11,  103, 

(1846),  Before  quitting  the  subject  of  the  great 
alluvial  region  of  Northern  India,  it  may  he  as 
well  to  point  out  that  by  far  the  greater  portion 
of  the  earthquakes,  and  especially  of  the  more 
severe  shocks  felt  in  India,  occur  in  the  immedi¬ 
ate  neighbourhood  of  the  Indo-Gangetic  plain, 
and  especially  near  the  deltas  of  the  great  rivers. 

The  earthquakes  are,  as  a  rule,  felt  much  more 
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explain,  but  from  the  fact  that,  where  the  two  types  are  found  together,  the 
longer  axis  of  the  one  is  at  right  angles  to  that  of  the  other,  we  may  con¬ 
clude  that  in  both  cases  the  form  is  decided  by  the  direction  and  force  of 
the  wind,  the  longer  axis  being  parallel  in  one  case,  and  in  the  other  trans¬ 
verse,  to  its  prevailing  direction.  The  steep  slope  of  repose  at  the  northern 
end  of  these  sand  hills  shows  that  they  are  formed  of  sand  grains  which 
are  driven  along  the  surface  of  the  ground  by  the  wind,  and  not  of  those 
light  en'dugh  to  be  carried  in  suspension,  so  that  no  theory  of  accumulation 
under  the  lee  of  bushes,  will  account  for  the  facts,  and  we  must  look  else¬ 
where  for  an  explanation.  If  one  of  the  transverse  type  of  sand  hills 
be  examined,  it  will  be  seen  that  the  windward  slope  is  by  no  means  a 
uniform  plane,  but  is  composed  of  long  narrow  ridges,  parallel  to  the 
direction  of  the  wind,  with  intervening  depressions,  probably  kept  open 
by  a  concentration  of  the  wind  in  them  and  a  consequent  increase  of 
transporting  power,  if  not  an  actual  development  of  power  of  erosion.  It 
seems  probable  that  the  longitudinal  type  of  sand  hill  is  due  to  an  ex¬ 
aggeration  of  this  effect,  by  which  the  depressions,  instead  of  being  com¬ 
paratively  shallow,  and  causing  mere  saddles  in  the  general  ridge,  are 
carried  almost,  if  not  quite,  to  the  base  of  the  accumulation.  However  this 
may  be,  the  restriction  of  the  longitudinal  tj-pe  of  sand  hill  to  the  seaward 
and  western  margins  of  the  desert  appears  to  show  that  they  are  connected 
with  a  greater  wind  force  than  the  transverse  type. 

The  height  of  these  sand  hills  is  considerable.  They  frequently  exceed 
ioo  feet,  ranging  to  2oo  feet,  and,  according  to  Sir  Bartle  Frere,  400  to  500 
feet  in  the  southern  part  of  the  desert.  The  size  of  these  sand  hills  and 
the  area  they  cover  imply  an  accumulation  of  blown  sand  which  it  is  not 
easy  to  account  for. 

it  appears  difficult  to  believe  that  all  the  sand  found  in  the  desert  can 
have  been  derived  from  the  Indus.  The  surface  of  the  Rann  at  present  is 
too  muddy  to  furnish  any  large  supply.  The  sand  consists  of  well  rounded 
quartz  grains,  mixed  with  smaller  quantities  of  felspar  and  hornblende,  and 
is  undistinguishable  from  the  sand  of  the  sea  coast  except  that  the  grains  are 
better  rounded,  as  is  always  the  case  with  wind  blown  sand.  That  found 
in  the  bed  of  the  Indus  is  also  very  similar  in  character.  The  most  probable 
theory  appears  to  be  that  the  Rann  of  Cutch  and  the  lower  portion  of  the 
Indus  valley  were,  as  has  already  been  shown  to  be  probable  on  other 
grounds,  occupied  by  the  sea  in  posttertiary  times,  and  that  the  sand  of 
the  desert  was  derived  from  its  shore.  The  most  sandy  tracts  are  on  the 
edge  of  the  Indus  valley,  along  the  northern  margin  of  the  Rann,  and  along 
the  depression  of  the  Liini  valley,  and  these  portions  of  the  country  were 
all  probably  situated  on  the  coast.  The  form  of  the  rocky  hills  around 
Rdlmer  and  Jaisalmer  shows  that  they  have  been  shaped  by  subaerial, 
not  by  marine  denudation,  and  it  is  probable  that  the  more  elevated  central 
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portion  of  the  desert  was  land,  whilst  the  Indus  valley,  the  Ram?.  and  the 
t<tui  valley  were  occupied  by  sea.  ■  ’ 

The,  accumulation  of  sand  in  the  desert  region  is  evidently  rbu*  >  t<P  the 
low  rain  fail  and  to  the  oonserpierit  absence  of  streams,  .the  effect  being 
intensified  by  the  accumulation  of  sand  and  the  .porous  nature  of  the,. re¬ 
sulting  surface.  In  other  parts  of  India  the  sand  blown  from  river  chan¬ 
nels  or  the  sea  coast  is  either  driven  by  the  wind  into  other  river  channels, 
or  it.  is  swept  into  them  again  by.  rain.  There  are’  sand  hills  in  abtfttdance 
in  the  alluvial  plain  of  the  Indus,  but  they  attain 'no  great -size,  because 
the  sand  is  always  swept  sooner  or  later  into  some  stream,  by  which  it  is 
carried  away  towards  the  sea.  .  .  .. 

Besides  the  occasional  sand  bills  of  the  Indus  valley  in  Sind,  there  are 
some  much  larger  tracts  in  the  Punjab,  repeating, .on  a  nrtiallfcr  scale;  the 
phenomena  of  the  Thar  and  the  RAjputAna  desert.  ''  The  irfost  important 
of  these  k  in  Use  Sind-S.tgnr  Dodb  between .  the  Indus  and  JeMum]  bitt 
there  is  a  barren  tract  in  the  Rachna Do<ib  between  the  ChenAb  and  RAvi, 
and  sr»nc!  hills  occur  in  places  also  in  the  Bari  Doab  between  the  Ravi  and 
Suite],  ‘  - 
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Geographical  limitation  of  the  Himalayas- Physical  geography— Evidence  o£  the  tertiary 

deposits  as  to  the  age  and  elevation  of  the  Himalayas— Revd.  O.  Fisher’s  theory  of  moun- 
'tain  formation— Age  of  the  Himalayas. 

In  dealing  with  the  great  question  of  the  date  of  commencement,  cause, 
and  history  of  the  elevation  of  the  Himalayas,  the  first  point  to  determine 
is  the  exact  signification  in  which  this  name  shall  be  used.  The  Himalayas 
in  a  general  sense  are  well  understood  to  be  the  great  system  of  mountains 
which  rises  to  the  north  of  the  alluvial  plains  of  upper  India,  and  forms  the 
southern  margin  of  the  highlands  of  Tibet,  but  the  limits  of  the  range  at 
either  end  are  difficult  to  define,  for  it  becomes  continuous  with  the  moun¬ 
tain  ranges  between  India  and  China  on  the  one  hand  and  those  north  of 
Afghanistan  on  the  other,  and  though  it  is  easy  to  regard  these  as  distinct 
ranges,  oncte  the  change  of  general  direction  is  well  established,  the  ab¬ 
solute  continuity  of  each  with  the  Himalayas,  where  the  junction  takes  place, 
shows  that  the  elevation  of  the  whole  was  part  of  the  same  great  series  of 
movements  of  the  earth’s  crust.  It  is,  however,  necessary  to  adopt  some 
definite  geographical  limits  to  the  Himalayas,  and  those  used  here  will  be  the 
lines  along  which  the  strike  of  the  chains  of  hills,  and  of  the  rocks  they  are 
composed  of.  takes  a  sudden  bend.  On  the  west  this  line  may  be  taken  to 
run  through  the  hills  west  of  the  valley  of  Kashmir,  from  where  the  Kara¬ 
koram  range  bends  into  the  Hindu  Kush  to  where  the  Jehlam  leaves  the 
hills.  On  the  east  neither  the  geology  nor  the  geography  of  the  hills  is  suf¬ 
ficiently  well  known  to  define  the  limit  of  the  Himalayas,  but  it  may  be 
presumed  to  run  in  from  the  neighbourhood  of  Sadiyd  in  a  north-easterly 
direction. 

The  descriptions  of  the  orography  of  this  great  system  of  mountains  varv 
very  much  according  to  the  idiosyncracy  of  the  writer,  and  the  particular 
meaning  he  may  have  attached  to  the  term  ‘mountain  chain.  ’  The  earliest 
of  the  writers  on  the  Himdlayan  mountains,  Captain  Herbert,  regarded  the 
spur  on  which  Simla  is  situated  as  the  natural  termination  of  the  main 
snowy  range,  giving  as  his  reason  that  it  was  the  watershed  In  tween  the 
drainage  of  the  Indus  and  the  Ganges.  But  this  system  of  classification 
would  lead  to  endless  confusion  and  completely  obscure  the  true  relations 


HIMALAYAS. 


461 


Chap.  IVIIL  3  orography  of  the 

Pir  Panjdl  soulli  of  the  valley  of  Kashmir,  and  as  the  Dhdotadhir'  south  of 
Chamba.  Though  the  unity  of  these  two  ranges  is  obscured  by  their  being 
broken  through  by  the  Chendb  and  Rivf  rivers,  their  geological  structure, 
so  far  as  it  is  known,  seems  to  show  that  they  are  in  reality  part  of  one  and 
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much  over  12,000  feet  above  the  sea,  which  has  been  distinguished  as 
the  lower  J-Iimdiayas.  These  lower  Himalayas  in  many  places  graduate 
into  the  main  snowy  range,  so  that  it  is  difficult  to  draw  a  definite  distinc- 
ton  between  the  two ;  yet,  they  can  be  recognised  as  a  fairly  well  marked 
feature  of  the  range,  forming  a  belt  of  hills  some  50  or  60  miles  broad, 
between  the  high  mountains  of  the  central  range  and  the  low  hills  of . 
the  sub-Himdlayas.  West  of  the  Sutlej  the  lower  Himalayas  cannot  .be 
recognised  as  a  distinct  feature,  the  high  ranges  of  (he  Dliioladlidr  and 
Pfr  Panjil  rising  directly  from  the  sub-Himalayan  zone,  but  the  inner  por¬ 
tion  of  what  has  generally  been  regarded  as  the  sub-Himalayan  zone  in 
this  region  rises  to  greater  altitudes  than  where  the  lower  Himalayas  are 
typically  developed,  and  should  possibly  be  regarded  as  the  continuation 
of  this  feature. 

The  sub-Himalayas,  which  have  been  referred  to  in  the  last  paragraph, 
form  the  outermost  zone  of  the  hills.  They  are  usually  marked  by  an  abrupt 
drop  in  the  average  height  of  the  hills,  they  are  exclusively  composed  of 
tertiary  and  principally  upper  tertiary  deposits,  and  except  in -the  region 
west  of  the  Sutlej,  seldom  rise  over  4,000  feet.  ■  ’  . 

There  can  be  no  doubt  that  this  sudden  drop  in  the  average  height  of  the 
peaks,  between  the  lower  and  suh-Bimdlayan  region,  is  principally  due  to  the 
sub-Himalayan  region  having  been  subjected  to  a  smaller  amount  of  elevatory  - 
movement  than  the  lower  Himalayas,  though  it  is  doubtless  also  due  in  part 
to  the  greater  softness  of  the  rocks  they  are  composed  of,  and  their  greater 
proximity  to  the  lowlands  of  the  plains,  but  it  is  not  so  easy  to  determine  - 
whether  the  distinction  between  the  central  ranges  and  the  lower  Him&layas,. 
is  due  principally  to  differences  in  the  amount  of  upheaval  they  have 
undergone  or  to  denudation.  Doubtless  both  have  co-operated,  .  The 
bottoms  of  the  river  valleys  near  the  plains  being  at  a  lower  level  than  fur¬ 
ther  into  the  heart  of  the  mountains,  and  the  average  slopes  at  which  the 
hillsides  stand,  which  depend  on  the  readiness  of  the  rock  to  disintegrate 
and  the  amount  and  distribution  of  the  rainfall,  being  probably  less  on  the 
average  in  the  lower  than  in  the  central  Himalayas,  the  peaks  could  naturally 
not  rise  to  the  same  altitude.  This  does  not,  however,  seem  to  be', a  sufficient 
explanation  of  the  facts,  and  it  is  only  natural  to  suppose  that  the  belt  of 
mountains  which  contains  the  highest  peaks  in  the  world  must  havfe  been  an 
area  of  special  upheaval,  while  there  are  some  features  in  the.profile  of  the 
main  river  valleys  which  support  this  conclusion.  These  valleys  all  penetrate 
the  hills  to  within  to  miles  of  the  line  of  highest  peaks  without  rising  mpre 
than  .4,000  to  5  000  feet  above  sea  level,  but  as  they  cross  this  line  (here,  is  a 
sudden  rise  of  the  river  bed  which  carries  it  up  to  9,000  to  ip,ooo  feet  within 
a  few  miles.  Above  this  the  gradient  falls  again  and,  .in  the  Tibetan, 
region,  the  average  slope  does  not  seem  to  be  more  th.an  a  few  feet- in  each  ■ 
mile  oi  channel.  This  sudden  rise  in  the  river  beds  as  they  cross  the  line,  of  ■ 
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highest  peaks  seems  to  show  that  this  has  been  a  region  ol  greater  ami 
more  rapid  upheaval  than  those  to  the  north  or  south,  and  that  the  rivers 
have  not  yet  been  able  to  cut  down  to  the  level  they  will  ultimately . 
reach. 

It  has  already  been  mentioned  that  all  the  principal  rivers  draining 
from  the  Hirndldyas  have  their  sources  to  the  north  of  the  line  of  highest 
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drainage  which  originally  flowed  east  and  west  to  the  gorges  of  the  Indus,  . 
Sutlej,  and  Sanpo.  '  ■  ■ 

The  few  geological  investigations  which  have  been  tirade  along  thc-:  , 
southern  margin  of  the  Tibetan  highlands  have  not  been  sufficiently  do-  .1 
tailed  as  regards  the  distribution  of  the  recent  deposits  and  forms  of  the 
valleys,  to  decide  this  question  with  certainty,  but  there  is  one  specific  1 
observation,  recorded  by  General  Stracbey,1  which  points  to  the  conclusion 
that  the  explanation  given  here  is  the  correct  one,  ■  ’  He  records  that  the  - 
subrecent  deposits  of  the  Sutlej  valley  in  Hundes  extend  right  up  to  the  .. 
crest  of  the  Niti  pass,  and  that  a  detached  portion  of  it  is  to  be  seen  two  or  ’ 
three  miles  south  of  the  crest  The  mere  fact  of  its  extending  up  to  the  .  , 
crest  of  the  pass  shows  that  there  must  originally  have  been  higher,  ground  '  ■ 
to  the  south;  in  other  words,  that  the  original  watershed  of  the  Sutlej  must 
have  run  further  south  than  it  now  does,  and  the  occurrence  of  an,  outlier 
in  what  is  now  the  southern  drainage  area,  if  confirmed,  gives  a  still  - 
further,  though  unnecessary,  proof  of  the  encroachmcht  of  the  southern  on 
the  northern  drainage  areas,  - 

The  same  is  indicated  by  the  shape  of  the  valleys  which  drain  in  either  * 
direction  from  the  watershed.  So  far  as  can  be  gathered  from  the  admirable 
maps  of  northern  Kumdun  and  Garhwdl,  and  from  the  accounts  of  travel-  ' 
lers,  the  slopes  on  the  southern  side  of  the  passes  are  much  steeper  than 
on  the  northern  ;  the  erosion  of  these  slopes  would  consequently  be  more  ■ 
rapid,  and  as  it  progressed  the  watershed  would  gradually  be  forced  north¬ 
wards.  1 

The  most  conclusive  evidence,  however,  seems  to-  be  that  derived  ; 
form  the  subrecent  deposits  of  the  Sutlej  valley  in  Hundes.  These  show  ■ 
that  the  Sutlej  was  followed  approximately  its  present  course  during  a 
period  sufficient,  firstly,  for  the  formation  of  a  deep  rock  valley, ,  secondly, 
for  the  accumulation  in  this  of  oyer  3,000  feet  of  subrecent  deposits,' 
and,  thirdly,  for  the  rc-excaVation  of  gorges,  3,000  feet  deep,-  through  ; 
these  same  accumulations.  There  can  consequently  ,  have  been  -  no  pyo-  ’ 
gressive  cutting  back  of  the  head  waters  of  the  Sutlej  during  all  this 
period.  ,  ,  _ '  '  ’  ’  1 


From  a  stratigraphical  point  of  view  the  Himdlayan  mountains  may  be 
divided  into  three  zones,  which  correspond  more  or  less  with  the  orographical 
ones.  The  first  of  these  is  the  Tibetan,  in  which,  marine  fossiliferous 
rocks  are  largely  developed,  whose  present  distribution  and  limits  are  to  a  , 
great  extent  due  to  the  disturbance  and  denudation  they  have  undergone.  ■' 
Except  near  the  north-western  extremity  of  the  range  they  are  not  known 
to  occur  south  of  the  snowy  peaks.  The  second  is  the  zone  of  the  snowy  .. 

1  y®«r.  Bby.  Gteg.  See.,  XXI,  63,  <l8S«).  ' 
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peaks  and  lower  Himalayas,  composed  :iiainly  of  crystalline  and  metamor- 
phic  rocks  and  of  unfossiliferous  sedimentary  beds,  believed  to  be  prin¬ 
cipally  of  palaeozoic  age.  The  third  is  the.  zone  of  the  sub-Himdlayas,  com¬ 
posed  entirely  of  tertiary,  and  principally  of  upper  tertiary  deposits,  which 
forms  the  margin  of  the  hills  towards  the  Indo-Gangetic  plains,  and  has 
so  intimate  a  connection  with,  and  so  important  a  bearing  on,  the  history 
of  the  elevation  of  the  Himalayas  that  it  will  require  a  more  detailed  notice 
here  thaji  the  others. 


The  stratigraphy  and  palaeontology  of  the  rocks  composing  this  terti¬ 
ary  fringe  have  been  referred  to  in  a  previous  chapter,  but  it  will  be  neces¬ 
sary  to  recapitulate  part  of  W'hat  has  been  w  ritten,  and  to  add  some  further 
details  which  are  important  from  the  present  point  of  view. 

The  classification  which  will  be  adopted  is  the  following ; — 


Upper  tertiary 
or  Siwalik  se 

Lower  tertiary 
or  Sirmur  set 


r  Upper  Siwalik. 

<  Middle  Siwalik. 

C  Lower  or  Nahan  Siwalik. 
^  Kasauli  group 

<  Dagshai  group 
l  Subathu  group. 


Murrce  beds. 


The  lowest  of  these  groups  consists  everywhere  of  marine  deposits, 
clays,  shales  with  some  limestone,  and  a  few  bands  of  sandstone.  It  passes 
upwards  with  perfect  conformity  into  a  series  of  interbedded  sandstones 
and  clays.  The  latter,  almost  always  red  in  colour,  prevailing  in  the  longer 
part,  the  former  in  the  upper,  so  that  there  is  a  gradual  increase  in  the 
average  coarseness  of  the  debris  from  below  upwards,  a  feature  even  more 
conspicuously  displayed  in  the  sections  of  the  upper  tertiaries. 

The  distribution  of  these  rock  groups  is  noteworthy.  There  is  a  long 
narrow  outlier  in  western  Garbwil  just  east  of  the  Ganges,  in  which  only 
the  marine  Subithu  beds  are  found.  A  larger  area  is  found  further  west 
in  the  Simla  hills,  where  all  three  groups  are  represented.  For  a  part  of 
its  length  this  exposure  is  in  direct  contact  with  the  Siwalik  series  along 
the  great  fault,  which  will  be  referred  to  further  on,  but  along  its  western 
half  it  is  separated  by  - a  narrow  strip  of  pretertiary  slates.  At  the 
western  extremity  of  this  outcrop  of  lower  tertiary  rocks,  which  belong  by 
position  to  the  low'er  Himalayas  rather  than  the  sub- Himalayas,  they  run 
down  into  a  narrow  strip,  which,  stretching  along  the  south  face  of  the 
Dhdoladhdr,  connects  them  with  the  larger  area  of  lower  tertiaries  in  Jammu. 

The  upper  tertiaries  are,  like  the  lower,  divided  into  three  groups.  The 
lowest  of  these,  known  as  Ndhan  consists  of  clays  and  sandstones,  the  former 
being  mostly  bright  red  in  colour  and  weathering  with  a  nodular  structure, 
the  latter  firm  or  even  hard,  and  throughout  the  whole  not  a  pebble  of  hard 
rock  is  to  be  found. 
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Tlx-  middle  Siwdliks  consist  principally  of  days,  niid  soft. samUtnnes,  or 

sainl  rock,  with  occasional  strings  of  small  pebbles,  which  become  more 
a bumlanf;  towards  the  upper  part,  til)  they  .gradually  merge  into  the  coarse 
conglomerates  of  the  upper  Siwdliks.  It  most  be  understood  that  this 
classification,  being  dependent  on  lithological  characters,  not  on  the  pate- 
ontology  of  the  beds,  is  not  strictly  accurate,  and  it  is  certain  that  the 'dif¬ 
ferent  stages  must  more  or  less  overlap  each  other  on  different  sections. 
Any  classification  on  palaeontological  grounds  is  unfortunately  impossible, 
at  present,  as  most  of  the  fossils  have  been  obtained  through  native •  col¬ 
lectors,  and  their  localities  are  not  known  with  certainty.  But  this  .is 
unimportant  for  our  present  purpose,  as  it  seems  certain  that  the  three  suc¬ 
cessive  lithological  stages  do  represent  successive  periods  of  time,  though 
part  of  the  conglomerate  stage  on  one  section  was  certainly  represented 
by  a  part  of  the  sand  rock  stage  on  another. 

In  the  north-west  of  the  Punjab,  beyond  the  JehSam,  the  whole  of  the 
tertiary  rock  groups  are  said  to  form  one  conformable  system  from  base  to. 
summit.1  Further  east  their  relations  are  less  simple  and  at  first  sight 
somewhat  perplexing.  The  true  meaning  of  the  anomalies  was  long  ago 
pointed  out  by  Mr.  Medlicott,  2  but  have  been  illustrated  in  so  much  greater 
detail  by  Mr.  Middlemiss  in  his  account  of  the  sub-Bimdlayas  of  -  Kumdun 
and  Garhw&l 8  that  it  will  be  well  to  turn  to  this  region  lor  illustrative 
sections.  Here  there  is  normally  a  perfectly  conformable  transition  from 
the  Ndhan  group  to  the  middle  Siwdlik  sandstones,  and  again  from  these 
to  the  upper  Siwilik  conglomerates.  This  conformable  succession,  which 
is  exhibited  by  many  sections,  is  illustrated  on  two  of  the  sections  repro¬ 
duced  on  the  accompanying  plate,  but  it  is  not  invariable.  Many  sections, - 
as  No  3  on  the  plate,  show  the  upper  Siwdlik  conglomerates  resting  un- 
conformably  on  the  eroded  edges  of  Nfihan  sandstones,  and  this  peculiarity 
of  unconforroable  contact  between  two  members  of  a  conformable  system 
finds  its  most  striking  exemplification  in  the  short  section  reproduced  in 
figure  25.*  ' 

West  of  the  Ganges  the  country  has  not  been  examined  in  the  same 
detail,  but  it  is  certain  that  the  same  feature  exists.  In  the  -neighbour¬ 
hood  of  Ndhan  the  N£han  and  upper  Siwalik  groups  are  in  contact  along 
a  line  of  fault,  but  the  latter  contain  many  boulders  derived  from  the 
sandstones  of  the  former,  showing  that  they  had  been  elevated  and  exposed 
to  denudation  at  the  time  that  the  upper  Siwalik  conglomerates  were- 
being  deposited.  Beyond  the  Sutlej,  on  the  other  hand,  it  was  found  im¬ 
possible  to  draw  any  boundary  between  the  two  groups,  so  gradual  .  was 
the  transition.5  .  . 

’A.  B.  Wynne,  taris,  X,  rr2,  (1877).  j  4  Pag*  468. 
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Throughout  this  eastern  area  just  referred  to,  the  upper  and  lower 
tertiaries  are  nowhere  found  in  superposition.  They  occur  on  opposite 
sides  of  a  great  fracture,  marking  the  limits  of  the  sub-Himdlayan 
region,  and  it  is  at  present  uncertain  whether  any  beds  whose  age  would 
place  them  with  the  Sirmur  series  conformably  underlie  the  Ndhaus  in 
this  region. 

The  examination  of  the  sub- Himalayas  of  Jammu  has  been  even  more 
cursory*  than  that  of  the  country  further  east,  and  it  is  at  present  uncer¬ 
tain  whether  the  same  relations,  as  exist  further  east  between  the  different 
groups  of  the  Siwdlik  series,  may  not  be  found  to  prevail  between  the  lower 
and  upper  tertiaries.  The  unconformity  between  the  two  is  proved  by  the 
presence  of  boulders  of  lower  tertiary  sandstone  in  the  upper  Siwalik 
conglomerates,  but  the  conformity  is  not  equally  well  proved.  The  map 
accompanying  the  only  published  account 1  of  this  region  appears  to  in¬ 
dicate  a  conformity  between  the  Siwaliks  and  the  Murree  beds  of  the  small 
inliers  at  Naoshera,  and  between  the  Punch;and  Jehlam  rivers,  and  on  the 
whole  it  is  probable,  especially  if  we  bear  in  mind  the  asserted  conformity 
of  the  whole  sequence  on  the  further  side  of  the  Jehlam,  that  the  relations 
of  the  lower  apd  upper  tertiaries  are  the  same  apparently  contradictory 
ones,  of  conformity  on  one  section  and  unconformity  on  another,  as  are 
exhibited  by  the  groups  of  the  Siwdlik  series. 

There  is  but  one  explanation  possible  for  the  known  facts,  that  this 
great  thickness  of  deposits,  whose  unity  of  lithological  type,  no  less  than 
the  special  sections  showing  conformity  between  its  subdivisions,  prove 
that  they  belong  to  one  rock-  series,  must  have  been  deposited  during  a 
period  of  disturbance,  so  that  while  a  continuous  sequence  of  conformable 
deposits  was  being  laid  down  in  one  place,  in  another  they  were  disturbed, 
elevated  and  exposed  to  denudation. 


Along  the  whole  length  of  the  Himalayas,  wherever  the  junction  of 
the  Siwdliks  with  the  pretertiary  rocks  of  the  Himalayas  has  been  seen, 
it  is  a  great  reversed  fault.  To  the  west  of  the  Bids  a  similar  reversed 
fault  forms  the  boundary  between  the  lower  tertiaries  and  the  secondary 
and  palaeozoic  rocks  of  the  Himalayas,  and  in  the  intermediate  area,  where 
the  lower  tertiaries  rise  up  and  form  part  of  the  lower  Himilayan  area 
between  the  Sutlej  and  the  Jumna,  this  great  fault  forms,  for  part  of  its 
course,  the  boundary  between  the  Sirmur  and  Siwdlik  scries. 

The  fault  is,  however,  not  a  mere  boundary  fault  in  the  ordinary  sense 
of  the  term,  that  is,  the  fault  is  not  of  a  date  subsequent  to  the  deposition 
of  the  whole  thickness  of  the  series  whose  boundary  it  forms,  nor  did  this 
ever  extend,  in  its  full  development,  far  to  the  north  of  the  line  of  fault 

1  AYtWs,  IX,  55.  (1876). 
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Mr.  Middle-miss’  section,  reproduced  in  the  woodcut  below  of  itself  proves 
this,  for  it  is  seen  that  the  great  boundary  fault  Was  fully  developed  previous  . 


Fig.  25.  —Section  at  the  head  of  the  Sara  valley,  eastern  KumAiin,  showing 
overstep  of  the  main  boundary  fault  by  the  appef'Siwiliks.’  ,  - 

to  the  deposition  of  the  tipper  SjwAlik  conglomerates,  which  rest  on  the, 
eroded  Ndhan  sandstones  and  overstep  the  fault  on  to  the  pretertiary  slates. 
A  somewhat  similar  section  appears  to-be  found  in  tbe  suh-Himdtayas  of. 
the  Darjiling  district,1  but  has  not  been  Worked  out  so  completely.-’. 

Apart  from  these  special  sections  there  are  some  considerations  .of  a 
general  nature,  which  are  in  reality  of  greater  importance.  It  will  be  seen 
that  this  line  of  faulting  forms  an  absolute  boundary  for  the  Sivvaiiks  in  . 
all  the  range  east  of  the  Sutlej,  and  in  the  hills  west  of  the  Rdvi  it  simi¬ 
larly  forms  an  absolute  boundary  for  the  tertiary  rocks,  .no  outlier  being 
found  to  the  north,  and  only  a  few  small  inliers  to  the. south  of.it.’  Now, 
if  the  many  thousand  feet  of  tertiary  strata  found  south  of  the  fault  had 
been  laid  down  in  a  continuous  .sequence  previous  to  its  formation, 
they  must  have  extended  far  to  the  north  of  it,  and  it  is  almost  impossible' 
to  understand  how  they  could  have  been  so  completely  removed  as  to  leave 
no  trace  of  an  outlier.  •  -  1  . 

It  was  Mr.  Medlicott  who  first,  in  1859,  pointed  out  the  meaning  of  this* 
— that  the  fault  is  in  effect  an  original  limit  of  deposition,  to  the  north  of 
which  the  Siwdliks  never  extended.  In  order  to  lay  special  stress  on  this 
peculiarity,  and  to  take  the  ‘  main  boundary,’  as  he  named  it,  out  of  the 
category  of  ordinary  boundary  faults,  he  described  it  as  a  cliff,  against 
which  the  Nihan  sandstones  were  deposited,  and  an  original  boundary  of 
deposition,  only  ’  slightly  modified  by  subsequent  faulting.  •  Subsequent  ’’ 
investigations  have  shown  that  this  description  requires  some  modification, 
but  have  fully  established  the  con  elusion  that  the  main  boundary  is  .not 
merely  a  boundary  of  present  distribution,  but,  in  effect, an  original  limit  of  .. 
deposition.  In  order  to  understand  the  grounds  on  Whifch  this  conclusion 
is  based  and  was  Originally  reached,  it  is  necessary  for  a  while  to  leave  the 
tertiaries  and  consider  the  submontane  deposits  of  the  present  day.-  , 

1  P.  X.  Bose.  Records,  XXIII,  244,  (1890).  '  ‘ 
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The  outer  margin  of  the  hills  at  the  present  day  is  everywhere  fringed 
with  a  band  of  gravel  deposits  forming  the  “  bhabar,”  or  gravel  slope  of  the 
foot  of  the  hills.  The  extent  and  constitution  of  this  varies  with  its  position. 
Opposite  the  debouchures  of  the  great  rivers  draining  the  central  portions 
of  the  Himalayas  it  reaches  a  great  development,  and  is  composed  almost 
entirely  of  boulders  of  hard  crystalline  and  metamorphic  rocks,  which  have 
mostly  been  well  rounded  in  their  long  journey  down  the  river  valley.  Boul¬ 
ders  of  limestone  are  somewhat  rare,  while  the  softer  varieties  of  slate  and 
sandstone  are  almost  absent,  having  been  unable  to  withstand  the  severe 
treatment  they  received.  In  the  stretches  intermediate  between  the  great 
rivers  the  nature  of  the  gravel  varies  according  to  the  rocks  exposed  within 
the  drainage  areas  of  the  streams  ;  where  these  drain  only  from  the  outerhills 
of  SiwAIik  conglomerate,  rounded  boulders  of  hard  rock  will  be  found, 
elsewhere  there  are  seen  fragments  of  limestone,  sandstone,  or  slate,  which 
are  often  subaugular,  owing  to  the  shorter  distance  they  have  travelled 
and  the  smaller  degree  of  abrasion  they  have  undergone,  and  are  always 
less  rounded  than  the  hard  boulders  of  the  great  rivers. 

If  we  now  turn  from  the  submontane  deposits  of  the  present  day  to  the 
upper  SiwAliks  we  find  a  remarkable  resemblance  between  them.  Not 
only  are  the  upper  SiwAliks  so  similar  to  the  recent  deposits  in  general 
character  that  they  have,  not  without  reason,  been  compared  to  an  elevated 
portion  of  the  plains,  but  there,  is  precisely  the  same  connection  between 
their  composition  and  the  .existent  lines  of  drainage.  In  the  sub- 
HimAlayas  of  KumAun,  there  is  a  great  development  of  the  upper  and 
middle  SiwAliks,  and  especially  of  the  conglomerates,  where  the  RamgaiigA 
and  Kosi  rivers  issue  from  the  hills.  Further  west,  where  the  re  are  no  large 
streams  draining  from  the  interior  of  the  hills,  the  whole  SiwAIik  zone 
becomes  constricted  and  only  the  NAhan  group  is  seen.  Between  the 
Ganges  and  Jumna  the  upper  SiwAIik  conglomerates  again  attain  a  great 
thickness,  and  are  composed  of  well  rounded  boulders  of  hard  rocks,  pre¬ 
cisely  similar  to  the  debris  brought  down  by  these  rivers  at  the  present  day. 
West  of  the  Jumna  the  conglomerates  die  out  to  a  great  extent,  and  those 
which  are  seen  consist  of  fragments,  to  a  large  extent  subaugular,  of  the 
older  tertiary  sandstones,  and  of  the  formations  found  in  the  outer  part 
of  the  HimAlayas  of  this  region.  Where  the  Sutlej  debouches  from  the. 
hills  there  are  at  least  4,000  feet  of  coarse  conglomerates,  but  in  a  parallel 
section,  only  seven  miles  off,  there  is  only  about  500  feet  of  them,  in  the 
middle  of  over  3, coo  feet  of  brown  sandy  clays.1  The  same  features  have 
been  noticed  in  the  case  of  all  the  other  great  rivers,  that  the  upper  SiwAIik 
conglomerates  atlain  a  great  thickness  in  their  neighbourhood  and  arc- 
composed  of  waterworn  boulders  of  hard  rocks,  while  in  the  intermediate 
country  they  are  generally  represented  by  brown  days  undistinguishable 
1  H.  B.  Medlicolt,  Records,  IX,  57,  (1870). 
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from  the  recent  alluvium,  or  if  conglomeratic  the  pebbles  are  of  local 
debris. 

There  is  but  one  explanation  possible  of  these  features,  that  the 
HimAlayan  range  already  existed  at  the  time  when  the  upper  SiwiliUs 
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away  and  covered  up  by  recent  deposits,  but  where  it  is  seen  there  is 
usually  a  rapid  increase  in  the  steepness  of  the  southerly  dip  near  the 
margin  of  the  hills.  These  indications  of  a  line  of  special  bending  of 
the  strata  close  to  the  southern  edge  of  the  hills  help  out  the  suppo¬ 
sition  that  the  actual  demarcation  of  the  two  contiguous  areas — one  of 
elevation,  the  other  of  subsidence — may  be  of  the  nature  of  a  fault,  one 
side  of  which  has  been  raised  and  the  other  depressed,  the  depression  being 
filled  up  as  fast  as  made  by  the  abundant  debris  brought  down  from  the 
hills. 

Though  there  are  no  sections  showing  the  nature  of  the  junction  between 
the  undisturbed  recent  deposits  of  the  plains  and  the  upraised  Siwaliks 
the  sections  in  the  sub- Himalayas  throw  some  light  on  its  nature.  Wher¬ 
ever  the  Siwdlik  zone  attains  any  considerable  width  it  is  found  to  be 
traversed  by  one  or  more  reversed  faults  of  great  throw,  running  more  or 
less  parallel  to  the  outer  boundary  on  the  one  hand  and  the  main  boundary 
of  the  Siwdliks  on  the  other.  These  faults  all  show  an  ascending  section 
on  the  outer  (southern)  side  and  the  dip  usually  flattens  towards  the  fault, 
where  the  uppermost  beds  are  seen  in  contact  with  strata  of  a  very  much 
lower  zone.  Moreover,  the  older  beds  are  invariably  thrown  into  an  anti¬ 
clinal  immediately  north  of  the  fault,  while  the  southern  half,  when  it  is 
present,  shows  an  increasing  dip  as  the  fault  is  neared,  exactly  as  is  the 
case  in  the  anticlinal  of  the  outermost  ridge,  and  occasionally,  as  in  that  case, 
the  southern  half  is  cut  out.1 

The  relations  of  the  rocks  on  either  side  of  these  great  faults  are  so  simi¬ 
lar  to  what  we  have  inferred  is  probably  the  case  between  the  Siwdliks  of 
the  outermost  ridge  and  the  deposits  of  the  submontane  region  of  the 
plains,  that  it  is  natural  to  regard  each  fault  as  marking  a  former  limit  of 
the  disturbed  tract,  and  the  successive  faults  as  indicating  a  step  by  step 
southerly  advance  of  the  outer  margin  of  the  hills.  According  to  this 
hypothesis  the  great  main  boundary  would  mark  approximately  the  south¬ 
ern  limit  of  the  Himalayas  at  the  commencement  of  the  Siwdlik  period, 
north  of  which  the  upper  tertiary  deposits  did  not  extend  to  any  great 
distance  qr  in  any  great  thickness. 


We  are  not,  however,  confined  to  the  conclusions  that  may  be  drawn 
from  direct  observations  in  dealing  with  this  problem.  It  may  also  be 
attacked  from  the  purely  physical  and  mathematical  side,  as  has  been 
done  by  the  Rev.  O.  Fisher  in  his  great  work  on  the  physics  of  the  earth's 
crust.1  Mr.  Fisher  adopts  the  hypothesis  that  the  solid  crust  of  the  earth  is 
of  limited  thickness  and  rests  on  a  magma  of  greater  density,  whose  condi¬ 
tion  is  actually  or  virtually  that  of  a  fluid.  As  the  central  core  of  the  earth 
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cools  flown  by  the  eondtid  ion  of' beat  away  from  it,  the  enter  crust  5s 
idl  pari  billy  immipportcd  by  the  consequent  contraction,  exposed- -to  a1 
4, re.-Her  si.iatii  than  il  in  capable  of  bearing,  and  yielding  along  lines  of 
wi  :t|i»K-ss,  is  ihiekened  bof.fi  upwards  and  downwards  from  a  zone  some- 
where  in  the  thickness  of  the  crust',  above  which  the  material  will  oh  the 
whole  be  forced  upwards,  and  below  it  downwards,  This  zone,  'called 
the  m-ntnd  zone,  is  placed,  for  reasons  unnecessary  to  enter  into, here,' 
as  in:  exact  position  is  not  ol  great  importance,  at  three-fifths?  of. the 
Ihiehness  of  the  Crust  from  its  upper  surface.  If  the  subjacent  magma 
had  a  dcruiily  one  and  two-thirds  as  great  as  that  of  the  overlying  crust  the 
upward  protuberance  would  be  supported  by  the  buoyancy  of  that  portion 
which  had  been  thrust  downwards  into  the  magma.  But  such  a  great 
disparity  cannot  exist,  and  the  extra  weight  of  the  elevated  tract  will, 
consequently,  bear  the  crust  downwards  on  either  side  as'  is’  indicated 
in  the  diagram,  fig.  a6,  till  sufficient  of  the  lighter  solid  material  is  de*. 
pressed  into  the  denser  magma  to  provide  the  requisite  buoyancy. 

As  soon  as  an  elevated  tract  is  formed  denudation  will  commence,  and 
as  it  is  extremely  unlikely  that  the  protuberance  will  be  symmetrical,  a 
larger  amount  of  material  will  be  deposited  on  one,  side  of  it  than  the 
other.  In  the  diagram  this  is  supposed  to  take  place  on  the  right  hand  side 
and  its  effect  will  be  to  depress  that  side  of  the  range  more,  than  the  other 
while  the  elevated  tract  will"  be  lightened  by  the  removal  of  material 
horn  its  surface.  As  a  consequence,  the  centre  of-  gravity  will  be  shifted 


Fig'.  2(\—Dirt£ram  to  iJUislrate  Re\d.  O.  Fwher’s  theory  of  mountain  formation — 
A-'—Upwnrd  protuberance  or  *  etoonted  trnetd 
B.— -D-.nvnvvnni  nrotnhcianoe  or  ‘  root/ 

V.  R,— Original  limits  of  on  surface, 

P/  R/— Subsotiuonf  the  deposition  of  St'drmcnt  represented  by  shaifKn^, 

and  removal  of  the  port  ion  of  the  elevated  tract  i  ^presented  hy  dolled 

0.  Q'f  S-BA— Oii&inal  and  subsequent  limits  of  downward  protuberamm,  . 

Q,  0/  H,  H .'-—Original  and  subsequent  positions  oi  centred  of  ^mvkv  of  crust,  and  of 
displaced  fluid  respectively,  ,  >  - 

towards  the  side  on  which  there  Is  the  greatest  accumulation  of  debris, 
while  the  centre  of  flotation  bf  the  downward  protuberance,  remains 
nnoWnged.  The  disturbed  tract  is  consequently  thrown '  into  a  stiitt* 
of  unstable  equilibrium,  which  can  only  be  made  stable  by  sudva  'movement 
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of  rotation  as  will  diminish  the  size  of  the  depression  on  the  left  hand 
side,  where  there  is  least  sediment,  and  extend  it  on  the  right  hand 
side,  where  most  has  been  deposited.  As  this  action  goes  on,  the 
depression  on  that  side  where  least  sediment  is  deposited  may  become 
obliterated,  and  as  the  crust  is  exposed  to  a  tensional  strain  on  this  side  it 
nuy  be  that  fissures  will  open  and  volcanic  outburst  take  place. 

Such,  briefly  stated,  is  Mr.  Fisher's  theory  of  mountain  formation,  and 
there  is,  on  the  most  superficial  view,  a  considerable  resemblance  to  what 
we  know  to  have  taken  place  in  the  case  of  the  Himalayas.  The  great 
depression  in  which  the  Gangetic  alluvium  has  been  accumulated  corre¬ 
sponds  to  that  in  which  the  greater  bulk  of  debris  derived  from  the  denu¬ 
dation  of  the  mountains  is  deposited,  and  the  obliteration  of  the  eocene 
sea  of  the  central  Himalayas,  accompanied  as  it  was  by  a  great  outburst 
of  volcanic  energy,  would  appear  to  correspond  to  what  the  theory  points 
out  as  likely  to  happen  to  the  depression  on  the  other  side  of  the  range. 
But  the  greater  part  of  the  elevation  has  taken  place  since  the  oblitera¬ 
tion  of  the  eocene  sea  of  the  central  Himalayas,  and  we  are  then  met  by 
the  difficulty  that  we  have  to  assume  a  rotation  of  the  whole  elevated  tract 
of  Central  Asia.  We  have  no  reason  to  suppose  that  so  large  a  mass  ol 
the  earth’s  crust  would  have  sufficient  rigidity  to  allow  of  its  rotation  as  a 
whole  ;  rather,  there  is  good  reason  to  suppose  that  it  would  yield  infinitely 
to  a  long  continued  stress.  Moreover,  Mr.  Fisher’s  theory  takes  no  notice 
of  horizontal  compression,  which  in  the  case  of  the  Himalayas  has  certainly 
gone  on  up  to  a  very  recent  period.  The  fact  is  this  movement  of 
rotation,  with  the  degree  of'rigidity  it  demands,  as  well  as  the  ignoring  of 
the  effects  of  lateral  compression  after  the  elevated  tract  is  formed,  are 
mere  generalisations  necessary  to  bring  the  complex  conditions  of  nature 
within  the  powers  of  mathematical  investigation,  and  are  not  intended 
to  be  taken  literally,  as  an  exact  account  of  what  actually  takes  place. 


Fig.  27. — Diagram  to  illustrate  the  theory  of  the  elevation  of  the  Himalayas,  corresponding  to 
the  right-hand  half  of  hg.  2 6.  Horizontal  scale  about  60  miles,  vertical  about  30  naiies 

A. — Massif  of  the  Himalayas. 

.  B  — Root  of  the  same. 

C.  — Earlier  marginal  deposits,  compressed  and  elevated. 

«?.—  Continuation  of  the  same,  depressed  and  undisturbed. 

D.  — Subsequent  deposits  overlapping  C. 

b.—  Sinking  of  lower  surface  of  crust  due  to  C  and  D. 

Bearing  this  in  mind,  we  have  notv  to  consider  what  modifications  are  re¬ 
quired  to  fit  the  purely  mathematical  theory  to  the  more  complex  conditions 
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of  actuality.  In  the  first  place  (he  elements  of  rigidity  and  rotation  being'  -  - 
abandoned,  we  need  not  consider  the  left  hand  side  of  the  diagram;  and  may- 
red  raw  it  in  greater  accordance  with  thcconditions of  the  Himalayan  region 
(see  fig,  27),  We.  have  now  an  elevated  region  A  subjected  to  denudation  1 
and  adjoining  it  an  area  extending  to  R ,  on  which  deposition  is  taking  place, 
the  deposits  being  contributed  by  the  elevated  ground  A  to  the  north; 
and  the  waste  of  the  rock  area  to  the  south.  The  tract  being  supposed  to 
be  in  equilibrium,  the  surplus  floating  power  of  B  will  cause  it  to  risje  when, 

A  is  lightened  by  denudation,  and  the  load  thrown  on  D  will  cause  it-  to 
sink,  especially  in  (he  neighbourhood  of  A  where  the  load  is  greatest,  till  '  • 
the  magma  displaced  by  the  lower  surface  of  the  crust  is  sufficient  to  float  ,• 
the  load.  The  result  will  be,  firstly  an  extension  of.  the  depression  in  .a 
direction  away  from  the  elevated  tract  /f,  and,  secondly,  a  strong  tendency 
to  cither  fracture  or  flexure,  of  the  crust  at  the  junction  of  A  and  D. 

As  we  may  take  the  crust  to  be  infinitely  yielding  to  long  contihued. 
stresses,  there  is  no  reason  why  that  produced  by  the  lightening  of  the 
one  area  and  the  loading  of  the  other  should  not  be  relieved  simply  ,by  the 
sinking  of  the  latter  and  the  rising  of  the  former  on  either  side  of  a  sep¬ 
arating  plane.  But  denudation  and  deposition  are  not  the  only  forces  at 
work,  for  to  bring  the  case  into  connection  with  that  of  the  Himalayas, 
we  must  suppose  compression  to  be  continually  in  progress.  This  will  be 
relieved  partly  by  an  additional  elevation  of  A,  but  also  by  the  compres-  ' 
sion  and  consequent  elevation  of  the  marginal  deposits  D,  which  would 
not  offer  the  same  resistance  at  the  already  consolidated  beds,  of  A-  In 
this  way  the  deposits  on  the  edge  of  -  the -depression  would  gradually 
come  to  ft  rm  part  of  the  tract  A,  whose  boundary  wpuld  advance  towards 
Rt  but  not  to  the  same  extent  as  the  .Shifting  of  the- outer  boundary  of  the’-’ 
depression  towards  R.  , 

With  this  amplification, — for  it  is  no  modification  of  Mr.  Fisher’s  theory, 
but  merely  a  more  detailed  explanation  of  part  of  the  process  which  does 
not  lend  itself  to  mathematic  investigation,™- .we  find  it  easy  to  explain  the  ' 
true  nature  of  the  great  reversed  faults  which  traverse  and  bound  the  Siwd* 
lik  zone.  They  mark  the  successive  limits  between  hill  and  plain,  be¬ 
tween  the  area  of  deposition  and  depression  on  the  one  hand  and  of  denu- . ' 
elation  and  upheaval  on  the  other,  and  the  small  amount  of  disturbance 
which  may  generally  be  noticed  in  the  beds  immediately  in  contact  with 
the  fault  plane  is  explained  by  the  fact  that  their  immense  throw  is  not  due 
to  the  effect  of  horizontal  pressure  acting  oh  an  inclined  plane,  but  princi-  . 
pally  to  a  vertical  pressure,  downwards  on  the  one  side,  and  upwards  on  - 
the  other,  of  the  fault.  .  -  ’  • 

It  appears  then,  that  so  far  as  the  tract  along  the  foot  of  the  hills  is  / 
concerned,  the  conclusions  drawn  from  observed  facts  and  from ’theoretical  ' 
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deduction  agree  with  each  other,  but  we  have  another  check  on  the  theory, 
for,  if  it  is  true,  the  Gangetic  plain  must  have  originated  at  the  same  time 
as  the  great  mountain  range  to  the  north,  and  gradually  increased  in  width 
by  the  subsidence  of  the  rock  area  along  its  southern  margin.  Now,  when  a 
stream  issues  from  the  rock  area  on  to  the  alluvial  plain,  it  is  the  coarsest 
debris  w'hich  is  hist  deposited,  while  the  finer  grained  material  is  carried 
further  and  deposited  at  a  greater  distance  from  the  margin  of  the  alluvium. 
Consequently,  if  a  boring  be  sunk  near  the  southern  limit  of  the  plain,  where 
it  has  been  encroaching  on  the  rock  area,  the  beds  passed  through  near 
the  surface  should  be  finer  grained  on  the  average  than  those  passed  ■ 
through  lower  down,  for  these  last  belong  to  an  earlier  period,  when  the 
edge  of  the  alluvium  was  less  distant  than  it  is  at  the  present  day.  Near 
the  northern  margin  of  the  plains  the  conditions  should  be  reversed,  for 
there  the  rock  area  has  been  encroaching  on  the  plains  and  the  upper  bed 
should  be  composed  of  coarser  debris  on  the  average  than  those  lower  down. 

The  deep  borings  that  have  been  put  down  in  the  Gangetic  plain  are 
four  in  number.  Of  these,  two,  at  Umballa  and  Fort  William  respectively, 
are  well  situated  for  testing  the  hypothesis  ;  a  third,  at  Agra,  is  less  suitable 
for  reasons  which  will  shortly  appear,  while  the  fourth,  at  Lucknow,  being 
well  out  in  the  middle  of  the  plain,  does  not  appear  to  have  gone  deep 
enough  to  give  any  evidence  of  importance. 

In  dealing  with  the  records  of  these  boreholes  we  are  harassed  by  the 
vagaries  of  nomenclature  indulged  in  by  the  men,  never  trained  geologists, 
to  whom  the  conduct  of  the  operations  was  necessarily  entrusted.  But  by 
adopting  two  classes  only,  sand  and  clay,  and  by  including  in  the  former 
‘sand,’  ‘coarse  sand,’  ‘clayey  sand,’  etc.,  and  in  the  latter  ‘clay,’ 
‘silt,’  ‘sandy  silt,’  ‘limey  silt,  ’  etc.,  a  fair  idea  will  be  reached  of  the 
relative  coarseness  of  grain  of  the  beds  passed  through  at  different  depths 
of  the  same  boring.  This  method  is  perfectly  justifiable,  as,  for  the  present 
purpose,  the  absolute  coarseness  or  fineness  of  grain  is  immaterial,  and  we 
merely  want  to  know  whether  in  any  part  of  the  bore  hole  the  beds  are  on 
the  whole  coarser  or  finer  grained  than  those  above  and  below. 

Adopting  this  system  of  classification,  we  may  make  an  abstract  of  the 
Fort  William  boring,1  thus 


The  increase  in  coarseness  of  grain  of  the  l  r  ds  pas 
spicuous  enough  in  this  abstract,  but  the  reaiity  is  e\e 
in  the  sand  from  180  feet  downwards,  some  beds  of  gra 


*  For  detailed  section  see  Records,  XIV,  act ,  (iSki)  ;  Calcutta  J.  urn.  .Wit.  1.  i, 
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arc  included,  and  the  boring  was  finally  brought  to  a  standstill  in  a  beji  of 
gravel  which  it  was  not  found  possible  to  penetrate.  -  \ 

The  second  boring  of  importance  is  that  made  at  Umbalta.1  Adopting  the 
same  broad  classification  of  clay  and  sand,  we  get  the  following  result  ’; — 


o  ft,  to  loo  ft.  .  .  .  ...  Sand  59  Clay  37  'Soil  4 

too  „  „  200  „  ,  .  .  •  •  „  56  '  42  Kankar  2 

200  „  „  300  „ . .  5S  42 

300  „  „  400  „  .  .  .  -  ‘  „  "  5+  n  46  -  >■ 

400  „  „  500  „  .  .  .  .  -  »>  46  -  ,.  54 

500  „  „  600  „  .  .  .  ,  *  „  37 .  '  >.  63 ' 

600  „  »  701  „  .  .  '  .  ,  .  (>  „  95 


Here  we  have,  as  the  hypothesis  requires,  a  very  distinct  increase  in. 
coarseness  of  texture  in  the  upper  beds  as  compared  with  the  lower. 

Besides  these  two  borings,  one  has  been  put  down  at  Agra,  the  evi¬ 
dence  of  which  is  slightly  vitiated  by  the  peculiar  local  conditions.  The 
abstract  of  the  section  is  as  follows2  ; — 


Clay  35  Kankar  o  ' 

S<5  .*  o 

„■  971  «  2 5 

76i  »  '  Si  ■ 

„  74  n  o  ■ 

Here  there  would  seem  to  be  an  increase  in  coarseness  of  texture,  both  -. 
upwards  and  downwards,  from  200  feet.  The  explanation  of  this  is -to  be  ; 
found  in  the  fact  that  the  surface  deposits  round  Agra  are  largely  cbm-  ' 
posed  of  blown  sand,  and  it  is  probable  that  the  sand  beds  found  in  the  • 
uppermost  160  feet  of  the  section  are  of  aeolian  origin,'  while  below  that 
the  beds  are  alluvial  and  exhibit  the  gradual  upward  increase  in  fineness  , 
of  texture  required  by  the  hypothesis.  ,  -  ‘  . 

The  fourth  boring  at  Lucknow  has  been  sunk  to  a  depth  of  .1,336  feet, 

As  might  be  expected  from  its  situation,  there  is  no  marked  increase  or, 
decrease  in  the  coarseness  of  the  beds  passed  through,  but  near  the  bottom 
of  the  boring  some  beds  of  coarse  sand  were  found,  and  these  may  indicate  ' 
an  approach  to  the  base  of  the  alluvium  and  mark  a  time  when  its  southern 
boundary  was  not  far  from  Lucknow.  .  ,  .• 

To  sum  up,  of  the  four  deep  borings  which  have  been  made,  two  are  ' 
completely  in  accordance  with  the  hypothesis,  the  third  one  is  in  favour  of 
it,  though  its  evidence  is  vitiated  by  peculiar  local  conditions,,  while  the 
fourth  is  so  situated  as  to  give  no  evidence  one  way  or  the  other  till  it  is 
carried  to  a  greater  depth.  _  ,  •  , 

We  find  then  that  the  inductions  from,  observed  facts'  regarding...  the 
southerly  advance  of  the  margin  of  the  hills,  the  nature,  of  the  boundary  :  .. 
between  hill  and  plain,  and  the  mode  of  formation  and  growth  of  the 
1  Records,  XIV,  233,  (i88s).  1  2  Records,  XVIII.  wi,  (1885).  •  ,  .  • 
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Gangetic  plain,  agree  in  all  essential  points  with  the  deductions  from  Fisher’s 
theory  of  mountain  formation  and  using  the  one  to  elucidate  or  amplify 
what  remains  doubtful  in  the  other,  we  may  approach  the  interesting  sub¬ 
ject  of  the  date  of  the  commencement  of  the  elevation  of  the  Himalayas. 


The  Occurrence  of  marine  nummulitic  beds  at  a  height  of  many  thousand 
feet  oivtlie  north  face  of  the  main  snowy  range  in  H unde's,  and  at  a  height  of 
20,000  feet  in  Zanskar,  shows  that  the  elevation  of  this  part  of  the  Himalayas 
must  have  taken  place  entirely  within  the  tertiary  period.  Further  east  we 
have  not  the  same  conclusive  evidence,  but  the  upper  cretaceous  fossils  that 
were  brought  from  north-west  of  Lhasa  show  that  the  elevation  of  this  part 
of  the  Tibetan  plateau  could  not  have  commenced  at  a  much  earlier  period. 

The  limitation  of  the  marine  mesozoic  and  palaeozoic  rocks  to  the  northern 
flanks  of  the  main  snowy  range,  and  their  absence,  so  far  as  is  known,  to 
the  south  of  this,  may  be  due  to  an  original  limitation  of  deposit,  or  it  may 
well  be  due  to  the  country  over  which  they  are  wanting  having  been  more 
rapidly  elevated,  and  consequently  exposed  to  more  active  denudation. 
But  even  if  the  southern  limit  of  these  marine  formations  represents  ap¬ 
proximately  the  recurrent  shore  lines  of  a  long  series  of  epochs,  it  is  diffi¬ 
cult  to  believe  that  a  mountain  range  at  all  comparable  to  the  Himdlajms  of 
the  present  day  lay  immediately  to  the  south  of  them.  The  present  geo¬ 
graphical  and  geological  connection  between  the  Himdlayan  range  and  the 
Tibetan  highland  is  too  close  to  make  it  at  all  probable  that  the  elevation 
of  the  latter  was  altogether  posterior  to,  and  independent  of,  that  of  the 
former,  and  consequently  the  elevation  of  the  Himalayas  as  a  mountain 
range  cannot  have  been  long  in  progress,  if  it  had  commenced,  when  the 
sea  flowed  over  Tibet  at  the  close  of  the  secondary  period. 

On  the  southern  side  of  the  Himalayas  there  is  not  the  same  direct 
evidence.  The  close  connection  between  the  older  rocks  of  the  Assam 
range,  and  the  corresponding  ones  of  the  Indian  Peninsula  has  already 
been  noticed  as  indicating  that  the  present  limits  between  the  peninsular 
and  extna-peninsular  areas  had  not  been  established  at  the  time  that  thev 
were  being  deposited,  and  the  presence  of  subaerially  formed  Gondwdna 
rocks  in  the  eastern  Himalayas  suggests,  though  it  does  not  prove,  that 
they  were  formed  in  the  same  land  area  as  those  of  the  Peninsula  and 
that  no  depression,  corresponding  to  that  now  occupied  by  the  Gangetic 
alluvium,  was  in  existence  at  the  commencement  of  the  secondary  period. 

The  complete  absence  of  any  known  exposure  of  marine  nummulitic 
rocks  between  western  Garhw^l  on  the  one  hand,  and  the  Garo  hills  on  (he 
other,  might  only  mean  that  the  shore  line  ran  south  of  the  present  limit 
of  the  hills,  and  that  the  nummulitic  beds  are  hidden  by  the  Gangetic 
alluvium,  but  there  is  not  so  close  a  relationship  between  the  nummulitic 
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faunas,  so  far  as  limy  arc  known,  of  the  Punjab  and  of  Assam- as  tonec'es--, 
sitate,  or  even  suggest,  so  direct  a  rommunicatioo  between  the 'two  areas.  - 
There  is  conseijitenily  some  degree  of  probability  That  the'  lndrbGan-';- 
nolle  depression  had  not  been  established  at  the  commencement  of  the 
tertiary  period  and  we  again  get  the  dose  of  the  secondary  period  as  the-,  . 
probable  date  of  the  commencement  of  the  elevation  of  the  Himalayas.  .  ' 

The  stratigraphies]  relations,  between  the  rmmnmtitic  beds  of  the  north¬ 
west  portion  of  the  lower  Himalayas  and  the  subjacent  deposits,  point  to 
the  same  conclusion.  There  is  not  only  a  general  parallelism  of  strati-  _ 
fication,  which  might  result  from  the  compression  both,  have  been  exposed 
to,  but  there  is  a  very  close  resemblance  in  the  nature  and  degree  of  disturb)-  , 
ance  they  have  undergone,  and  the  nummulitics  lie  with  perfect  parallelism 
of  bedding  on  an  eroded  surface  of  the  former  pretertiary  deposits,  wher¬ 
ever  a  section  showing  the  original  contact  between  them  is  found. 
Were  this  merely  a  local  phenomenon  observed  on  one  or  two  isolated 
sections  no  importance  need  have  been  attached  to,  it,  but  when  it  is  seen 
wherever  the  contact  between  the  two  rock  series  has  not  been  modified 
by  faulting,  from  the  Inkers  of  the  Jammu  hills  on  the  one  side, -  to  the 
outliers  east  of  the  Ganges  on  the  other,  it,  shows  that  there  bad 
been  no  appreciable  disturbance  of  the  older  rocks,  now  forming  this  part- 
of  the  Himalayas,  when  the  nummulitics  were  deposited.  In  other  words, 
that  if  the  elevation  of  the  Himalayas  had  already  commenced  in  eocene- 
times,  it  had  not  extended  into  the  north-western  portion,  or  was  confined  - 
to  the  central  portion  of  the  range.  -  - , 

The  dose  connection  in  structure  and  distribution  of  the  upper.  SiwA-  - 
lik  conglomerates  and  the  submontane  deposits  of  the  present  lime  has  - 
already  been  appealed  to  as  evidence  that  the  Himalayan  range  existed' 
in  pliocene  times  with  very  much  the  same  limits  and  elevation  as  at  the-  ~ 
present  day,  and  with  the  main  features  of  hydrography  already,  marked 
out.  But  these  coarse  conglomerates  are  confined  to  the  upper  Shvaliks.  ■ , 
As  we  descend  the  section  pebbles  get  smaller  in  size  and  less  in  number 
till,  in  the  lower  part  of  the  Siwdiiks  proper  and  throughout  the  immense  , 
thickness  of  the  N  Allans,  not  a  pebble  is  known  to  occur.1  /•  ■.  '  -  - 

It  might  be  held  that  this  was  due  to  the  southerly  advance1  of  the  foot"'  • 
of  the  hills,  and  that  we  must  look  for  the'  coarse  conglomerates  of  middle 
SiwAlik  and  NAhan  age  in  the  hills  north  of  the  main  boundary.  It  has,, 
however,  been  shown  to  be  extremely  probable  that  neither  tae  Siw  Aliks 
proper  nor  the  Nab  an  group  ever  .extended,  in  anything  like  their  full 
thickness,  much  to  the  north  .of  the  main  boundary,  and  the  absence  of: 
any  known  outlier,  though  merely  negative  evidence,  cannot  be  altogether 

1  There  is  only  o«e  recorded  instance  of  a  j  'with  so  much  hesitancy,  that  it  .may  -Well  be, 
conglomerate  supposed  to  be  of  Mahan  age,  and  J  neglected,— Memoirs,  III,  pt.  it,.p.  135,  (1864).  1 
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ignored.  A  more  probable  explanation  is  that  during  the  formation  of  the 
lower  portion  of  the  Siwalik  series  the  hills  to  the  north  had  not  attained 
anything  like  their  present  elevation,  and  that  the  gradients  of  the  river 
beds  had  not  become  sufficiently  steep  to  enable  them  to  transport  any¬ 
thing  coarser  than  fine  sand.  If  this  be  the  true  explanation,  as  seems 
extremely  probable,  the  greater  part  of  the  elevation  of  the  Himalayas  has 
taken  place  since  the  miocene  epoch,  and  it  is  impossible  to  date  its  com- 
mencerpent  much  further  back  than  the  commencement  of  the  tertiary  or 
the  close  of  the  secondary  period. 

Another  argument  of  an  entirely  different  character  has  been  adduced 
by  Dr.  Blanford,  which  curiously  confirms  the  conclusion  regarding  the 
date  of  origin  of  the  Himalayas,  arrived  at  on  purely  geological  grounds. 

He  points  out1  that  the  mammalian  fauna  of  Tibet  has  a  proportion  of 
species,  and  even  genera,  peculiar  to  the  region  which  is  not  exhibited  by 
any  other  continental  area  of  the  same  size.  Omitting  all  doubtful 
forms,  and  taking  no  account  of  varieties  or  subgeneric  types,  the  known 
Tibetan  fauna  consists  of  forty-three  species  belonging  to  twenty-six 
genera,  of  which  twenty-seven  species  and  four  genera  are  not  known 
outside  Tibet.  Moreover,  by  far  the  largest  proportion  of  species  ranging 
outside  of  Tibet  is  exhibited  by  the  carnivora,  only  four  out  of  nine 
species  of  ungulata  being  known  outside  Tibet,  and  two  of  these  are  re¬ 
presented. in  Tibet  by  well  marked  varieties,  while  out  of  sixteen  species 
of  rodents  only  one  is  not  purely  Tibetan. 

On  the  now  universally  accepted  theory  of  the  origin  of  species  by 
descent  and  modification  so  large  a  proportion  of  peculiar  species  indicates 
a  long  period  of  isolation.  In  the  case  of  island  faunas,  this  isolation  is 
due  to  the  sea  barrier  which  mammals  cannot  cross  or  can  only  cross  with 
difficulty,  but  in  the  case  of  Tibet  the  isolation  must  be  a  climatic  one,  due 
to  the  superior  elevation  of  the  region,  and  after  comparing  the  degree  of 
specialisation  of  the  fauna  with  that  of  various  islands  Dr.  Blanford  comes 
to  the  conclusion  that  this  isolation  must  have  commenced  in  middle  tertiary 
times.  This  agrees  remarkably  with  that  arrived  at  on  purely  geological 
grounds,  and  from  a  study  of  the  relations  of  the  SiwdJik  to  the  tertiary 
faunas  of  Europe,2  that  the  elevation  of  the  Himalayas  commenced  with 
the  tettiary  era  and  that  the  range  only  attained  an  elevation  comparable 
to  that  which  it  now  possesses  towards  the  commencement  nf  the  pliocene 
period. 


Two  views  have  been  propounded,  r<  garding  the  anlhpiitv  ol  the  Hima¬ 
layas  which  are  antagonistic  to  that  just  put  iorwnrd.  The  lira!  of  these, 
1  Ceol.  Mag.,  3rU  dec.,  IX,  164,  (i8y2),  I  2  D  J"'« 
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which  regards:  the  mountain  chain  as  mud)  older  than  the  cominenceineiit 
of  the  tertiary  period,  requires  special  notice,  as  it  has  been  advocated  by  , 
Mr,  C.  S.  Middlemiss,  ihe  author  of  the  most  detailed  study- of  any  portion¬ 
ed  the  range  yet  published.  It  is  supported  by  arguments’  derived  .on 
the  one  hand  from  the  special  structural  features  of  .the  southern  margin 
of  the  Himalayas  in  Kmndtm  and  Garbwdl,  and  on  the  other  by  the  dc-  ■ 
gree  of  disturbance  which  the  rocks  of  various  ages. have  undergone  in  - 
the  same  region.  .  •' 

The  special  structural  features  are  summed  up  in,  and  illustrated  by, .a," 
section  drawn  north  and  south  along  the  Rdmgangd  and  PeMni  valleys  in 
E.  long.  7S0  49',  which  is  reproduced  on  the  accompanying  plate. .  In"  this  , 
it  will  be  seen  that,  starting  from  the  plainward  rnatgiu,  we  have  ..the  ' 
N  Ah  an  sandstones  conformably  covered  by  a  great  succession  of  middle 
Siwdlik  sand  rock,  north  of  which  the  upper  Siwdlik  conglomerates  are. 
brought  in  by  a  small  fault  of  no  structural  importance.  The  upper  Swdlik 
conglomerates  are  brought  into  contact  with  the  lower  portion  of  the 
Nahan  group  by  a  great  reversed  fault  of  1 1 ,8So  feet  thrown  along  the 
fault,  or  6,380  feet  in  a  vertical  direction.1  From  this  fault  there  is  again,'  - 
after  some  undulation  of  the  strata,  an  ascending  section  through  the 
greater  part  of  the  sand  rock,  but,  before  the  conglomerates -are  readied- 
the  beds  low  down  in  the  NAhan  group  are  again  brought  up,  and  after  a 
series  of  anticlinal  and  synclinal  folds  the  topmost  beds  of  this  group  are 
brought  into  contact  with  the  preteitiary  beds  of  the  Himalayas,  along  the 
main  boundary.  ’  . . 

The  rock  in  contact  with  the  NAhans  at  the  main  boundary  is  a  massive 
unfossiliferous  limestone  of  unknown  age.  It  is  overlaid  by  the  TA!  beds; 
presumably  mesozoic,  and  these  again  by  marine  nummulitics  of  the  Subithw 
group.  North  of  the  nummulitic  band  there  is  again  a  reversed,  fault  and 
purple  slates,  and  volcanic  brecias  come  in,  beyond  which  a  great  reversed 
fault,  brings  in  crystalline  schists,  ■  ■  ■ 

It  will  be  seen  that  there  are  here  five  zones,  each  bounded’.on  the  north  - 
by  a  great  reversed  fault,  and  each  successive  one  showing  an  oldergroup-. 
as  its  newest  member.  In  the  outermost  zone  the  section  ranges .  fobtri 
NAhans  to  the  upper  Shvalik  conglomerates,  in  the  next  the  sand  rock  in'  , 
the.  newest  group  seen,  in  the  third  this  is  wanting  and  the  section  only 
ranges  up  to  the  upper  NAhans,  In  the  succeeding  zone  an  entirely  new 
set  of  rocks  comes  in,  the  newest  of  which -is  eocene,- while  in  the  last  the.  ; 
■rocks  are  of  unknown,  but  certainly  at  least  pakeozoic  age. 

It  has  already  been  pointed  out  that  the  great  reversed  faults  of  the 
sub-HimAlayan  zone  probably  mark  the  successive  positions  of  the  outer 
margin  of  the  bilk,  that  is  the  limit  between  the"  area  of  elevation  on  the 
one  hand  and  subsidence  on  the  other.  Mr,  Middlemiss  opines,  .with  a 
1  Memoirs,  XXIV,  124,  (18#).  -  '  -  3 
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very  good  show  of  reason,  that  in  each  case  the  youngest  rock  seen  south 
of  the  fault  marks  approximately  the  period  of  its  completion,  and  of  the 
commencement  of  the  one  next  to  the  south,  so  that  the  first  fault  counting 
from  the  south  may  be  ascribed  to  the  upper  Siwdlik,  the  second  to  the 
middle  Siwdlik  period,  the  third  to  the  close  of  the  Ndhan  period,  and  the 
fourth  to  the  eocene. 

The  argument  on  which  this  conclusion  is  based  may  be  epitomised  as 
folIoT*^  It  is  a  common  character  of  these  long  narrow  zones  bounded 
on  the  north  by  a  reversed  fault,  that  they  carry  along  their  northern 
border  a  still  narrow  zone  of  the  newest  rock  they  contain,  a  zone  which 
has  been  preserved  “  because  the  fold  involving  that  zone,  and  the  re¬ 
versed  fault  to  the  north  of  it,  were  the  companions  of  the  upheaval  of 
that  zone  from  a  condition  of  deposition  ;  that  is  to  say,  the  uppermost 
stratum  had  only  just  been  deposited  when  it  was  folded  and  faulted,  and 
so  wrapped  up  with  the  older  zone  to  the  north  that  it  was  preserved  from 
subaerial  denudation/’  It  is  argued  that  if  this  was  not  so,  if  for  instance 
the  nummulitics  had  been  covered  by  the  Ndhans  and  Siwaliks,  and  ex¬ 
posed  to  denudation  before  they  were  folded  and  faulted,  the  upper  members 
would  have  been  removed  in  places  and  left  in  others,  and  that  when  the 
faulting  subsequently  took  place  the  irregular  patchwork  of  strata  resulting 
could  not  have  been  formed  into  the  regular  zones  now  observable.  This 
argument,  however,  assumes  that  the  deposits  must  have  been  elevated 
without  disturbance  and  exposed  to  great  denudation  before  the  faulting 
took  place.  This  is  by  no  means  necessary.  The  whole  thickness 
might  have  been  deposited  over  the  nummulitics,  and  if  the  faulting  and 
folding  had  gone  on  -pari  passu  with  the  elevation  an  arrangement,  ana¬ 
logous  to  that  which  now  obtains,  might  have  resulted  from  the  different 
degree  of  elevation,  and  consequent  different  intensity  of  denudation,  the 
different  zones  had  undergone.  It  has  been  shown,  on  quite  independent 
grounds,  that  this  supposition  is  an  improbable  one,  but  there  is  no  reason 
why  the  nummulitics  of  Garhwdl  may  not  have  once  been  covered  by  a 
great  thickness  of  deposits  corresponding  to  the  upper  members  of  the 
Sirmur  series  further  west,  if  not  by  part  of  the  Ndhan  group.  The  regu¬ 
larity  of  width  of  the  outcrop,  its  narrowness,  and  the  absence  of  these 
upper  members  can  be  sufficiently  explained  by  the  high  dip  of  the  strata,5 
the  narrow  patches  remaining  having  been  preserved  by  their  having 
been  elevated  to  a  lesser  degree,  and  consequently  less  exposed  to 
denudation,  than  the  higher  beds. 

But  even  if  Mr.  Middlemiss’  argument  be  ndmithd  to  its  fullest  extent, 
it  does  not  throw  the  elevation  of  the  Himalayas  further  hack  than  the 
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commencement  of  tin:  tertiary  era,  for  to  the  north  of  the  fault,  which  - 
bounds  the  nummiiiitics,  wo  conic  to  conditions  so  different,  both  strati-.'  ‘ 
graphically  and  structurally,  from  those  which  obtain  to  the  sooth  that  we  - 
cun  no  longer  apply  the  same  arguments,  and  as  will' be  shown  presently 
the  quesiion  of  whether  the  existence  of  a  land  area,  immediately  north 
of  the  iinmiTHslitic  outcrop  at  the  time  when  these  beds  were  being  deposit¬ 
ed,  can  be  admitted  as  evidence  regarding  the  date  at  which. the' elevation 
of  the  Himalayas  commenced,  depends  entirely  on  the  exact  mcaj^pg  we  - 
attach  to  these  words. 

The  second  argument  depends  on  the  different  degree  of  disturbance 
exhibited  by  the  successive  zones.  As  can  be  seen  %om  the  section,  the 
beds  in  the  outermost  zone  have  undergone  least  compression,  those  of  the 
next  more,  and  so  on.  Mr.  Middlemiss  argues  that  this  increase,  in  the  dis¬ 
turbance  the  beds  of  each  successive  zone  have  undergone,  is  the  result  of  the 
successively  greater  periods  of  time  during  which  they  have-been  exposed  to 
the  disturbing  forces,  and  that  the  far  more  intense  compression,  to  which  ; 
the  rocks  within  the  innermost  tertiary  zone  have  been  exposed,  indicates 
that  they  have  been  exposed  to  pressure,  during  a  period  of  time,  which 
would  carry  back  the  origin  of  the  Himalayas  far' beyond  the  tertiary  era. 
To  this  it  might  be  answered  that,  even  if  the  compression  of  every  zone 
had  been  contemporaneous,  it  is  natural  to  expect  that  its  intensity  would 
not  be  everywhere  uniform,  but  would  die  out  laterally,  graduating  from  the 
zone  in  which  it  was  greatest  to  that  in  which  there  had  been  none.-. 

It  is,  however,  probable  that,  in  the  tertiary  zones,  the  different  degrees 
of  compression  exhibited  by  the  successive  bands  is,  to  a  large  exrent,  the- 
result  of  the  different  periods  during  which- they  have  been  exposed  to  com¬ 
pression.  And  when  we  come  to  the  far  more  intense  compression  -ex¬ 
hibited  by  the  older  brocks,  which,  as  descried  by  Mr.  Middlemiss,  have 
been  cleaved  and  foliated  by  the  intensity  of  the  compression' they  have 
undergone,  he  himself  affords  an  explanation,  in  the  observation  that' the. 
strike  is  often  transverse  to  that  of  the  tertiaries,  indicating  that  the  com¬ 
pression  had  not  all  been  in  a  direction  transverse  to  the  course  of  the 
range.1  This  diversity  of  strike  is  appealed  to  as  showing  that  the  com¬ 
pression  of  the  Himalayas  was  in  part  due  to  other,  and  oider/directions  of 
thrust  than  those  which  produced  the  folding-  of  the  sub-HImdlayan  and 
many  of  the  Himalayan  rocks.  ‘  ■  1  .  /  ■ 

Here  we  are  at  once  brought  face  to  dace  with  the  question  of  what  is  • 
meant  by  the  commencement  of  the  elevation  of  the  Himdlayas.  Seeing 
that  the  present  state  of  the  range  is  the  result- of  a  .long  chain  of  physical.  - 
causation,  each  step  of  which  was  the  inevitable  result  of  all  that  went 
before,  it  is  impossible  to  say  what  was  the.  first  origin  of  the  Himalayas,  - 

1  Memoirs,  XXIV,  183.'  (iSfiO).. '  -  .  ;  '  '  -  -  •  - 
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We  may  throw  it  back  to  the  period  when  the  earth  first  acquired  a  solid  crust, 
or  still  further  back  to  that  primeval  chaos  from  which,  according  to  one 
hypothesis,  the  universe  was  evolved.  But  in  this  place  the  words  are 
used  iij  a  much  more  limited  meaning.  If  the  limitation  of  the  palseozoic 
and  mesozoic  deposits  along  the  northern  flanks  of  the  Snowy  range  repre¬ 
sents  at  all  approximately  the  general  limit  of  land  and  sea  during  their 
deposition,  it  might  be  maintained  that  the  general  course  of  the  Himalayan 
range  had  been  determined  in  palaeozoic  times,  and  yet  the  elevation  of 
the  Himalayas  in  the  sense  in  which  the  words  are  here  used,  might  not 
have  commenced  till  the  dawn  of  the  tertiary  era.  The  further  back  in 
time  we  go  the  more  difficult  does  it  become  to  follow  the  sequence  of 
cause  and  effect,  and  in  speaking  of  the  elevation  Himalayas  only  that 
final  compression  is  meant,  which  caused  it  to  rise  as  a  conspicuous  moun¬ 
tain  range  with  the  same  limits  and  extent  as  at  present,  and  the  antece¬ 
dents  which  may  or  may  not  have  been  the  direct  cause  of  this  result  are 
excluded. 

Taking  this  restricted  definition,  the  transverse  strikes  mentioned  by 
Mr.  Middlemiss,  and  the  systems  of  compression  they  indicate  would  not 
be  connected  with  the  elevation  of  the  Himalayas  or  belong  to  the  Hima¬ 
layan  system  of  disturbance. 

It  would  be  unnatural  to  suppose  tbat  the  great  area  now  occupied  by 
the  Himalayas  had  in  no  part  been  exposed  to  compression,  previous  to 
the  end  of  the  mesozoic  era,  and  it  is  noteworthy  that  the  most  conspicuous 
instance  of  transverse  strike  quoted  by  Mr.  Middlemiss,  where  a  north  and 
south  strike  extends  for  sixty  miles,  lies  on  the  continuation  of  the  Arivalli 
range.  Now,  without  assuming,  what  there  is  no  possibility  of  proving, 
that  the  Aravalli  range  ever  extended  so  far  north,  the  supposition  would 
explain  how  there  might  be  an  intense  crushing  of  the  older  rocks, 
accompanied  by  a  strike  transverse  to  the  general  direction  of  the  range, 
which  was  due  to  a  totally  distinct  system  of  disturbance  from  that  which 
produced  the  Himalayas. 

In  this  way  we  see  how  the  crushing  of  the  older  rocks  of  the  Hima¬ 
layas  and  the  divers  strikes  they  exhibit,  which  Mr.  Middlemiss  rightly  in¬ 
terpreted  to  indicate  successive  systems  of  compression  ranging  over  a  long 
period  of  time,  may  have  been  largely  anterior  to  that  final  compression  10 
which  the  elevation  of  the  Himalayas  is  here  restricted. 


Another  opinion  regarding  the  antiquity  of  the  Himalayas,  which  re¬ 
quires  notice,  is  that  recently  propounded  by  Sir  H.  H.  Howortb,1  who  has 
gone  to  the  opposite  extreme  and  regards  the  elevation  of  these  mountains 
1  Geol.  Mag.,  3rd  dec.,  VIII,  97,  1  $<>,  294,  (l8yi)  ;  IX,  54,  U -V-T 
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as  having  taken  place  almost,  if  not  quite,  entirely  wilhin  the  plcistocone 
period.  This  opinion  appears  to  have  been  adopted  in  the.  first  place 
to  satisfy  the  requirements  of  his  theories  regarding  the  entombment, 
of  the  mammoth  in  northern  Siberia,  but  is  based  principally  on  the 
supposed  absence  of  any  traces  of  glaciation  in  the  Himalayas,  as  also  in 
the  Altai,  Caucasus  and  Ural  mountains,  all  of  which  are  supposed  to  have- 
been  elevated  within  the  pleistocene  period.  , 

We  have  already  shown  that  there  is  evidence  of  a  former  greal'-esten- 
sion  of  the  Himalayan  glaciers,  evidence  which  might  be  amplified  to  almost 
any  extent,  but  the  only  instances,  in  addition  to  those  already  quoted, 
which  need  be  mentioned  here,  are  the  glaciers  on  the  Babeh  pass,  now 
barely  more  than  a  mile  in  length,  which  at  one  time  extended  at.  least, 
fifteen  miles  and  probably  more,  and  the  morraine  recorded  by  Cbtonef 
McMahon  on  the  southern  slopes  of  the  .Dhaoladhir,  at  an  elevation  of 
only  4,700  feet.1  ■  ■ 

The  Hiindlayan  glaciers,  it  is  true,  never  spread  over  the  low  ground' in 
great  ice  sheets  like  those  of  Europe,  but  there  is  reason  enough  lor  this' 
in  the  thirty  degrees  of  latitude  by  which  the  Himalayas  are  nearer  the 
equator  than  the  Alps,  and  in  the  much  greater  distance  which  separates, 
the  watersheds  from  the  lowlands.  In  the  Kangra  valley,  where  alone  the 
high  mountains  rise  steeply  from  the  low  ground  at  their  foot,  there  is  good 
reason  to  suppose  that  the  glaciers  once  reached  to  below  2,000  feel  above 
the  sea.2  And  the  erratics  of  the  Potvvdr3  show  that  ice  in  large  quanti¬ 
ties  was  not  unknown  there  at  one  time.  As  it  is  out  of  the  question  to 
suppose  that  even  in  the  glacial  period  these  glaciers  could  have '  origi¬ 
nated  at  low  altitudes,  the  only  possible  conclusion  is  that  the  mountains 
must  then  have  had  very  much  their  present  elevation. 

Another  argument  for  a  greater  age  of  the  Himalayas  is  the  time-  ret 
quired  for  the  excavation  of  the  great  river  valleys,  Sir  H.  H,  Haworth 
avoids  this  difficulty  by  denying  that  the  valleys  are  the  work  of  the 'rivers 
that  flow  through  them,  but  it  is  impossible  for  any  one  -who  has  studied  the 
action  of  subaerial  denudation  not  to  see  that  the  forms  of  the  hills  and- 
their  intervening  valleys  are  due  to  the  action  of  rain  and  rivets,  aided  by 
frost.  A  glance  at  the  photograph  so  admirably  reproduced  in  tne  frontis¬ 
piece  of  this  volume  will  show  to  the  initiated  eye  that  the  shape  of  the, 
mountain  is  due  to  the  disintegration  of  the  rock  by  frost  and  the  removal  of 
the  debris  from  the  hollows  by  streams  and  glaciers,  and  not  to  any  dikrifp- 
tive  force.  Even  if  we  could  acknowledge  that  the  courses  of  the  drain¬ 
age  were  in  the  first  instance  determined  by  fissures,  a  long  period  of  time 
would  be  required  for  the  opening  out  -of  the  valleys  and  the  removal  of  that 
vast  mass  which  the  beds  of  the  Siwalik  series  tell  us  was -brought  down 
from  the  Himalayas.  -  •  '  .... 

1  j tennis,  XV,  49,  (1PS2).  1  *  Records.  X,  540,  (1877) ;  Sn'pra,  j>.  42. 
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These  arguments  would  be  sufficient  to  show  that  the  Himalayas  must 
have  existed  as  a  mountain  range  previous  to  the  glacial  period  at  any 
rate,  but  it  is  not  necessary  to  appeal  to  them,  for  the  evidence  of  the 
pliocene  sub-Himilayan  deposits  shows  that  the  range  must  then  have  had 
very  much  its  present  elevation,  with  the  main  features  of  the  existing 
drainage  system  already  marked  out. 

The?  close  agreement  in  the  results  attained  by  the  several  distinct 
lines  of  purely  geological  reasoning,  and  that  derived  from  the  pecu¬ 
liarities  of  the  living  Tibetan  fauna,  gives  a  very  strong  presumption  in 
favour  of  the  correctness  of  the  conclusion  arrived  at,  and  discredits  at  once 
the  hypotheses  of  an  older  or  a  later  date  for  the  origin  of  the  Himalayas 
than  here  maintained.  There  seems,  however,  to  be  this  much  truth 
in  Sir  H.  H.  Howorth’s  supposition  of  the  recent  rise  of  the  Himalayas,  that 
their  elevation,  if  not  still  in  progress,  has  only  recently  ceased,  and  that 
they  are  probably  now  somewhat  higher  than  they  were  during  the  glacial 
period. 

The  evidence  pointing  to  this  is  of  various  kinds.  There  is,  firstly,  the 
natural  presumption  that  the  mountains  which  now  form  the  most  elevated 
peaks  of  the  world  cannot  be  in  a  state  of  decadence,  and  as  there  is  no 
such  thing  as  rest  in  nature,  that  they  must  be  still  growing.  Then 
there  are  two  recorded  cases1  where  a  differential  movement  of  the  oppo¬ 
site  sides  of  a  fault  has  taken  place  at  so  recent  a  period  as  to  cause 
interruption  of  the  minor  drainage  courses,  and  to  exhibit  itself  as  a  distinct 
rise  in  the  surface  of  the  ground,  which  has  hardly  been  modified  at  all  by 
denudation.  These  earth  movements  show  that  the  Himalayas  are  still 
in  a  state  of  strain,  and  we  may  naturally  conclude  that  this  strain  is  due 
to  the  compression  which  has  caused  their  elevation. 

Better  evidence  is  yielded  by  the  sub-recent  fossil  fauna  of  the  Hundes 
plain.  It  was  formerly  believed  that  this  fauna  was  tertiary,  the  presence 
of  a  rhinoceros  was  supposed  to  indicate  that  the  deposits  must  have  been 
formed  at  a  very  much  lower  level  than  that  at  which  they  are  now  found, 

'  and  that  they  had  subsequently  been  elevated  several  thousand  feet  without 
any  discernible  disturbance.  The  incorrectness  of  the  first  supposition  has 
already  been  shown.2  The  last  is  one  that  cannot  be  granted,  and  as  regards 
the  second,  the  presence  of  the  peculiar  Tibetan  genus  Pantltolops  out¬ 
weighs  the  evidence  of  the  rhinoceros.  It  is  true  that  a  rhinoceros  could 
not  exist  on  the  present  plains  of  Tibet,  not  on  account  of  the  cold,  for  the 
Tibetan  species  may  well  have  been  protected  from  that  by  a  thick  coaL  of 
fur,  but  on  account  of  the  impossibility  of  its  picking  up  a  living  from  the 
scanty  vegetation  of  these  arid  plains.  Jt  must  not  be  forgotten,  however, 
thattheic  would  almost  certainly  be  shallow  lakes  and  swamps,  win  n  these 
1  Records,  XXI,  !58,  (1SS8).  1  *  Sutu,,  v. 
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deposits  were  being  formed,  and  at  the  present,  day  the  river  valleys  of  ' 
Tibet,  even  at  a  height  of  over  13,000  feet,  can  under  suds  circumstances1 
support  a  growth  of  grass  and  shrubs  which  could  easily  have  given  sus¬ 
tenance  to  the  rhinoceros  of  Hundes.  This  animal  in  any  tease  shews  that 
the  climate  of  Hundes  must  have  been  somewhat  milder  than  it  now  is,  and 
as  there  is  little  difficulty  in  supposing  that  these  deposits  may  have  been 
raised  1,000  to  2,000  feet  without,  any  appreciable  disturbance,  though  it  is’ 
impossible  to  grant  an  elevation  of  10,000  to  15,000  feet,  we  may  wtell  sup¬ 
pose  that  this  increased  inclemency  of  climate  is  partly  due  to  the  desicca¬ 
tion  resulting  from  the  change  of  condition  of  the  rivers,  from  deposition  to 
erosion,  and  partly  to  an  increased  altitude  of  the  plains  and  of  the  moun¬ 
tains  south  of  them.  ■ 

The  gradual  desiccation  of  the  Tibetan  lakes  points  to  the  s.Sme.  con¬ 
clusion.  There  are  no  data  available  regarding  the  rate  at  which  this  is. 
taking  pla.ee,  but  the  fact  that  some  have  dried  completely  up,  while  others 
show  but  little  reduction  on  their  original  size,  indicates  that  the  process  is 
still  in  progress  and  that  the  climate  of  Tibet  was  ohee  moister  than  it-, 
now  is.  There  appears  to  be  but  one  explanation  possible  of  this  increased 
dryness  of  climate,  and  that  is  a  rise  of  the  mountains  to  the  south,  which  ■ 
has  resulted  in  a  more  complete  cutting  off  of  the  moisture  from  the  non-  , 
soon  winds, 

The  cause  of  the  origin  of  these  lakes  in  Tibet  is  not  thoroughly 
established.  Ever  since  the  publication  of  Mr.  Drew's  book  on  the  Jammu 
and  Kashmir  territories  it  has  been  customary  to  attribute  their  .origin  .to 
the  damming  up  of  the  main  valleys  by  the  fans  of  tributaries,  which 
attained  a  great  development  during  the  glacial  periods,  when  the  disinte¬ 
gration  of  the  rocks  was  more  rapid  than  it  how  is,  while  the  transporrlug 
power  of  the  streams  was  no  greater  if  so  great.  The  present  Writer  is 
unable  lo  accept  this  view  in  its  entirety.  In  the  case  of  the  Pangong  lake 
he  believes  that  its  formation  is  entirely  due  to  differential  movements  of 
the  surface,  which  raised  a  portion  of  the  original  river  bed  at  a  more 
rapid  rate  than  the  stream  was  able  to  erode  and  dammed  hack  the  drainage 
to  produce  the  present  lake.  Even  in  the  case  of  the  Tsomoriri  in  Rupshu, 
which  is  accepted  as  the  typical  instance  of  a  lake  formed  hv  a  tributary, 
fan,  he  has  shown1  that  there  is  reason  to  believe  that  this  fan  could  not 
have  caused  an  interruption  of  the.  drainage  had  there  not  been  an  eleva¬ 
tion  of  a  portion  of  the  river  valley  further  down  its  course,  and  a  conse¬ 
quent  diminution  of  the  gradient.  Whatever  may  be  the  cause  of  origin  of 
these  lakes  there  seems  no  reason  to  doubt  that  the  broad  shingle  plains, 
which  so  frequently  occur  just  above  where  the  rivers  enter  a  gorge,  arc  ■ 
produced  by  a  check  in  the  gradient  consequent  on  a  recent  elevation  of 
the  river  bed  in  the  gorge,  and  consequent  checking  of  the  gradient  irn- 


1  Hecnnii,  XXJ,  156, 
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mediately  above  it,  A  similar  action  might  well,  under  favourable  circum¬ 
stances,  give  rise  to  the  formation  of  an  actual  lake,  while  the  existence  of 
an  exit  would  depend  on  the  rapidity  of  the  movement,  the  supply  of 
water,  and  the  nature  of  the  climate.  Whether  such  has  actually  been  the 
case  or  not,  there  have  certainly  been  irregular  movements  of  the  beds  of 
the  streams  and  rivers  within  what  is,  geologically  speaking,  a  very  recent 
period,  and  these  irregular  movements  can  only  be  regarded  as  evidence 
that  the  disturbance  which  caused  the  elevation  of  the  Himalayas  is  still  in 
progress. 

Thus,  from  whatever  point  of  view  we  look  at  the  subject,  we  see  that 
the  decadence  of  the  Himalayas  has  not  j  et  begun,  but  whether  they  have 
yet  reached  their  maximum  development  is  not  so  clear.  There  are  no 
data  from  which  we  can  decide  whether  the  rate  of  elevation  in  the  imme¬ 
diate  past  has  been  greater  than  at  present  or  no,  but  looking  to  the 
general  indications,  throughout  the  world,  that  the  great  earth  movements, 
which  caused  such  profound  changes  in  the  form  and  distribution  of 
land  and  sea  during  the  tertiary  period,  have  reached  their  close,  and  that 
the  present  is  a  period  of  comparative  quiescence  in  the  history  of  the 
earth,  we  may  suppose  that  the  chapter  devoted  to  the  elevation  of  the 
Himalayas  is  reaching  its  close  and  that  they  soon  will  enter  on  their 
decay. 


There  remains  one  more  point  to  be  referred  to  before  finally  dismissing 
the  subject  of  the  origin  of  the  Himalayas,  and  that  is  the  supposed  con¬ 
nection  between  mountain  ranges  and  sedimentation.  The  enormous 
thickness  of  sedimentary  deposits  seen  in  the  sections  exposed  in  moun¬ 
tain  ranges  has  been  frequently  noticed,  and  by  many  observers  their  ac¬ 
cumulation  has  been  regarded  as  the  immediate  precedent,  and  proximate 
cause,  of  the  mountain  ranges.  It  is,  however,  doubtful  whether  in  this 
case  cause  and  effect  have  not  been  confused.  Sedimentary  accumulations 
of  great  thickness  are  known  elsewhere  than  in  mountain  ranges,  but  it  is 
only  where  the  beds  have  been  turned  up  at  steep  angles  and  extensively 
denuded  that  their  thickness  becomes  conspicuous,  and  it  is  only  where  ?. 
great  thickness  of  sediment  has  been  previously  accumulated  that  moun¬ 
tains  can  be  formed  of  stratified  deposits.  Otherwise  the  underlying 
crystalline  and  metamorphic  rocks  will  soon  be  exposed  by  the  denudation 
which  is  always  much  more  active  in  mountain  ranges  than  in  more  level 
ground.  The  subject  is,  however,  of  sufficient  importance  and  interest  to 
make  it  necessary  to  inquire  whether  there  is  any  indication  of  a  con¬ 
nection  between  the  present  position  of  the  Himalayas  and  the  distribution 
of  the  sedimentary  deposits  which  preceded  its  elevation. 

In  the  north-west  Himalayas  there  is  a  great  series  of  sedimentary 
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deposits,  ranging  through  the  palaeozoic  and  raeftozoit  eras,  which  represent 
long  periods  of  accumulation  of  sediment  in  enormous  thicknesses  of  strata/ 
Here  there  is  a  distinct:  temptation  to  regard  the  mountain,  range  as''  the 
result  of  this  vast  accumulation  of  stratified  deposits,  hut  as  we  trace  the. 
range  to  the  eastwards  difficulties  come  in.  . 

The  zone  of  marine  deposits  found  noith  of  'the  line  of  highest  peats 
in  that  part  of  the  Himalayas  which  has  been  accessible  to  exploration 
has  been  referred  to;  as  well  as  the  non-recognition  of  these  beds  iofith  of 
the  main  range.  How  far  the  same  distribution  holds  good  further  .east 
it  is  impossible  to  say  with  certainty,  but  we  know  that  jurassic  and, 
cretaceous  fossils  have  been  obtained  from  the  region  north  of  the. hills  of 
Nepdl  and  Sikkim  and  the  discovery  of  sedimentary  strata  of  unknown, 
but  probably  tertiary,  age  near  the  Cholamo  lakes  seems  to  indicate. that' 
the  same  parallelism  between  the  boundary  of  the  sedimentary  deposits 
and  the -line  of  highest  peaks  prevails  at  least  as  far  east  as'  Sikkim.- 
Whether  the  present  limit  is  in  the  main  due  to  an  original  limit  of  de¬ 
position  or  to  the  effects  of  disturbance  and  denudation  is  for'the  inoment 
unimportant.  The  absence  from  the  main  range  and  the  hills  to  the  south 
of  them,  so  far  as  is  known,  of  any  extensive  series  of  sedimentary  strata- 
later  than  older  palaeozoic  or  even  older,  precludes  the  idea  that  the  eleva¬ 
tion  of  the  range  was  immediately  consequent  on  a  great  accumulation  of 

In  the  eastern  Himalayas  our  difficulties  are  still  very  great.,  owing 'to 
the  scanty  observations  available..  The  only  sedimentary  deposits'  that 
could  possibly  be  marine,  or  that  have  any  great  thickness,  are  certainly 
long  anterior  to  the  carboniferous  in  age,  and  these  occupy  a- very 
small  area  in  comparison  with  the  great  expanse  of  crystalline  schists, 
gneisses  and  granites.  But  there  are  some  small  patches  of  coal  bearing 
Damuda  rocks,  which  have  been  recognised  ■  at  several  spots  along  .the 
outer  edge  of  the  Himalayas,  and  are  important  sis  showing  that  this  re¬ 
gion  was  dry  land,  at  the  close  of  the  palaeozoic  era,  when  marine  forma¬ 
tions  many  thousands  of  feet  in  thickness  were  being  deposited  in  the 
north-west.  It  is -not  possible  to  sav  that  no  marine  strata  of  jater  date 
than  permian  exist  in  the.  eastern  Himdlayas,  but  it  may  be.  takeii  as- 
tolerably  certain  that,  if  present,  they  cannot  be  of  a,  very  great  extent 
or  thickness,  and  this  portion  of  the  Himdlayas  appears  to  have  been  a 
land  area  continuous  with  that  of  the  Peninsula  throughout  the  secondary 
era,  such  interruptions  of  continuity  as  there  may  have  been,  if  there- were 
any  at  all,  being  of  minor  importance  and  only  temporary.  But  though  this ' 
portion  of  the  Himalayas  was  a  land  area,  there  is  no  reason  for  supposing 
it  was  a  mountain  range  at  these  early  periods ;  the  great  height  of  the' 
snowy  peaks  suggests  that  their  upheaval  must  have  been  comparatively 
recent,  and  the  palpable  unity  o'f  the  range  as  a,  whole  prcvent.s  .us  from 
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ascribing  a  much  earlier  date  to  this  portion  than  to  the  rest,  which  it  Las 
been  shown  could  not  have  existed  in  its  present  form  in  the  secondary 
era. 

In  view  of  this  divergence  between  the  eastern  and  western  portions 
of  the  range,  it  is  impossible  to  attribute  the  rise  of  the  Himalayas  to  the 
sedimentation  in  what  is  now  its  north-western  portion,  and  we  must  look 
to  some  more  wide  reaching  and  deep  seated  cause  for  its  present  position 
and  course— a  cause  which  was  independent  of  and  able  to  obliterate  long 
standing  structural  features  and  to  introduce  new  lines  of  separation 
between  areas  of  elevation  and  subsidence. 


CHAPTER  XIX.  " 


Geological  History  of  the  Indian  Peninsula,  ' 

Earliest  periods— Origin  of  Arfvaltis  and  East  Coast— Mesozoic  Indo-African  continent — Origin 
of  the  West  Coast  and  Western  Ghats. 

The  previous  chapters  of  this  book  have  principally  been  devoted  to  the 
slratigraphical  description  of  the  various  rock  systems  of  India,  and  though  - 
reference  has  been  made  in  the  course  of  this  description  to  changes  in 
the  distribution  of  land  and  sea,  and  to  the  earth  movements  which  have 
marked  out  the  salient  features  of  Indian  geography,  such  references  have 
necessarily  been  somewhat  swamped  by  other  matter.  This  chapter  will 
consequently  be  devoted  to  a  brief  resume  of  the  geological  history  of 
India,  of  those  changes  of  land  and  sea  through  which  it  has  reached  its 
present  form,  , 

The  earliest  stages  of  the  geological  history  of  India,  as  of  all  other 
history,  are  wrapped  in  obscurity.  Dimly  we  can  discern  an  old  land 
surface  composed  partly  of  a  very  ancient  granitoid  rock,  which  had  even 
then  solidified,  been  penetrated  with  quartz  veins  and'  trap  dykes,  .and 
exposed  to  extensive  denudation,  and  partly  of  later  rocks,  themselves  the 
product  of  the  denudation  of  the  granitoid  gneiss.  From  the  waste  of  this 
land  surface,  the  rocks  of  the  Dhdrwdr  system  were  formed,  in  a  sea  where 
volcanoes  poured  forth  their  lavas  and  ashes,  much  as  at  the  present  time. 
But  whether  any  living  thing  was  to  be  found  in  this  sea,  or  whether  the 
earili  was  still  unlit  for  the  support  of  either  animal  or  vegetable  life,  it  is 
impossible  to  say.  -  ' 

These  Dhdrwdr  deposits  were  in  their  turn  compressed,  contorted  and 
exposed  to  great  denudation  before  the  commencement  of  the  Cuddapah 
epoch,  but  it  is  impossible  to  trace  even  approximately  the  changes  of  dis-, , 
tribution  of  land  and  sea  during  this  earliest  period  of  the  geological, 
history  of  India.  - 

With  the  commencement  of  the  Cuddapah  epoch,  some  definite  indica¬ 
tion  of  the  distribution  of  land  and  sea  appear.  All  Southern’!  ndia,  south  and 
west  of  the  Cuddapah  and  Kakidgi  basins  appears  to  have-  been  dry  land, 
while  the  sea  spread  out  to  the  east  over  part  of  the  present  Bay  of  Bengal, and, 
to  the  north  over  what  are  now  the'  Nizam’s  dominions  and  the  Centra!  Prov- 
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inces.  The  exact  limits  of  this  sea  cannot  be  defined  with  accuracy,  western 
Bengal  and  Chutid  Ndgpur  were  probably  dry  land,  and  this  rock  area 
probably  stretched  to  the  north-east  over  the  Gangetic  delta,  to  Assam  and 
the  eastern  Himalayas.  In  Bundelkhand  there  was  dry  land,  to  the  south 
of  which  the  Bijdwar  sea  spread  to  the  valleys  of  the  Narbada  and  the 
Son  but  had  probably  been  obliterated  by  the  time  the  Cuddapahs  were 
deposited,  and  at  a  later  period  a  fresh  depression  admitted  the  sea  to  the 
north-west  of  Bundelkhand,  in  which  the  beds  of  the  Gwalior  system  were 
deposited. 

Nothing  is  known  of  the  early  geological  history  of  the  great  area 
covered  by  the  Deccan  trap,  nor  of  what  was  going  on  where  the  Hima¬ 
layas  now  stand,  or  where  the  Indus  and  Ganges  rivers  have  spread  their 
alluvial  plains.  In  fact,  what  with  complete  want  of  information  regarding 
the  greater  portion  of  the  area,  and  the  incompleteness  of  that  available 
regarding  the  rest,  the  conclusions  that  can  be  drawn  regarding  these 
earliest  periods  of  the  geological  history  of  India  are  of  the  most  meagre 
description.  This  much,  however,  seems  certain  that  none  of  the  leading 
features  of  Indian  geography  of  the  present  day  had  been  marked  out,  none 
of  the  mountain  ranges  had  arisen,  none  of  the  great  river  valleys  had  com¬ 
menced,  and  the  distribution  of  land  and  sea  was  very  different  to  what  we 
-now  see. 

The  close  of  the  Cuddapah  epoch  appears  to  have  witnessed  the  com¬ 
mencement  of  the  earliest  of  those  earth  movements  whose  effects  on  the 
surface  contours  and  geography  of  India  are  still  prominently  noticeable. 
It  was  then  that  the  great  mountain  range,  of  which  the  present  A  rival!  is 
are  but  the  wreck,  was  raised,  and  extending  far  beyond  its  present 
limits,  stretched  across  what  is  now  the  Gangetic  plain,  possibly  even  to 
the  Himalayas.  At  the  same  time  another  zone  of  contortion  was  formed 
running  along  the  south  side  of  the  Son  and  Narbadd  valleys,  which  was 
probably  marked  by  a  range  of  mountains  or  hills,  not  rising  to  the  same 
height  or  importance  as  the  Ardvallis,  and  bearing  much  the  same  relation 
to  them  as.the  hills  west  of  the  Indus  alluvial  plain  do  to  the  Himalayas 
of  the  present  day. 

To  the  same  date  must  probably  be  ascribed  the  zone  of  contortion 
which  runs  along  the  eastern  margin  of  the  Cuddapah  basin  and  can  be 
traced  northwards  tc  the  Goddvari  valley. 

These  three  zones  of  contortion,  whose  disturbance  took  place  during 
the  Vindhyan  epoch,  and  must  once  have  been  marked  by  mountain  ranges 
much  more  important  in  size  and  elevation  than  their  remnants  at  the 
present  day,  seem  to  be  due  to  the  last  groat  movement  cf  compression 
which  has  affected  the  rocks  of  the  I’eninsula.  Since  then  the  disturb¬ 
ances  have  principally  taken  the  form  of  movements  of  elevation  and  sub- 
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sideiicc,  only  lo  a  comparatively  minor  extent  accompanied  by  compres¬ 
sion  of  the  rocks,  ami  it  is  interesting  to  note  that  the  earth  movements  of 
this  period  have  still  their  influence  on  the  limitation  of  the 'Peninsula, ■ ' 

On  the  north-west  the  Auivallis  have  remained,  the  boundary  of  the 
peninsular  land  area.  West  of  them  the  great  desert  of  western  Raj* 
putina  was  alternately  land  and  sea  through  long  ages,  but  the'  sea  ‘never 
spread  cast  of  the  barrier  ‘of  the  A  rd  vail  is.  On  the  south-east  the  betid- 
ol  the  east  coast  north  of  Madras  follows  too  closely  the  genera.1  course 
of  the  Nallamalai  range  for  the  connection  to  be  accidental  an,d  as  we 
know  that  from  the  Jurassic  period  to  the  present  day  the  position  of  the' 
coast  has  been  practically  where  it  now  lies, -we  may  naturally  conclude 
that  its  course  had  been  laid  down  at  an  even  earlier  period,  contempo¬ 
raneously  with  the  great  Vindhvan  epoch  of  disturbance.  In  the. course  of 
ages  there  have  no  doubt  been  alternate  elevations  and  depressions  of  the 
land,  at  times  it  has  encroached  on  the  sea,  at  times  the  sea  has  flowe.d- 
over  what  is  now  dry  land.  But  the  fact  that  the  or.lv  marine  deposits 
in  this  part  of  India  are  confined  to  the  neighbourhood  of  the  coast,  their 
small  thickness,  the  manner  in  which  they  thin  out  away  from  the  sea, 
and  the  character  of  the  rocks,  indicate  that  when  they  were  formed  the 
shore  line  could  not  have  been  far  off,  and  point  to  a  persistence  of 
the  general  run  and  position  of  this  tlie  oldest  feature  of  the  geography 
of  India  -  ‘  ■ 

The  Vindhyan  epoch  is  the  age  tar  which  the  rise  of  the  Ardvailisand 
the  demarcation  of  the  east  coast  has  been  ascribed,  but  what  this  age  is 
in  terms  of  the  European  sequence  there  is  no  means  of  determining.  The 
upper  Vindtyans  have  been  looked  upon  as  devonian,  on  the  strength  of 
their  resemblance  to  the  Table  Mountain  sandstone  of  South  Africa,  and 
though  the  evidence  is  insufficient,  it  is  certain  that  they  cannot  be,  -much 
newer  than  the  date  indicated,  and  it  seems  difficult  to  make-then*  much 
older.  They  may  consequently  be  ascribed  to  some  portion  of  .the  middle 
or  latter  end  of  the  lower  palaeozoic,  and  it  is  to  be  regretted  that  no 
more  exact  correlation  can  be  .made,  for  we  find  that  in  silurian  times  the 
sea  flowed  over  the  north-west  Punjab  and  the  north-western  portion 
central  Himalayas,  and  over  the  hills  east  of  the  Irawadi  valley.  No 
silurian  deposits  have  been  found  in  that  small  portion  of  the.  eastern 
Himalayas  which  has  been  examined,  nor  iti  Assam,  and  it  is  probable 
that  the  land  area  stretched  north  eastwards  from  the  Peninsula  over 
these  regions  in  silurian  times,  as  it  seems  certainly  to  have  done  at  a  late? 
period.  .  • 

Towards  the  close  of  the  palaeozoic'  era,  at  a  period  corresponding 
to  the  upper  carboniferous  of  European  chronology,  we  have-some  definite: 
information  regarding  not  only  the  distribution  of  land  and  sea,  'but  also 
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the  climate.  The  great  Gondwdna  era  opened  with  a  period  of  exception¬ 
al  cold.  The  Peninsula  was  a  land  area  over  which  many  large  lakes  were 
probably  scattered,  while  on  land  there  were  glaciers  flowing  down 
into  these  lakes,  and  into  the  sea  which  covered  part  of  the  great  Indian 
desert,  the  north-west  Punjab,  and  a  very  any  large  portion,  if  not  the 
wiiole,  of  the  area  occupied  by  the  Himalayas  west  of  the  Ganges  valley. 
The  same  sea  appears  to  have  stretched  westwards  to  the  furthest  boun¬ 
dary  of  Afghanistan,  and  it  was  continuous  in  some  way  with  that 
which  flowed  over  eastern  Australia.  It  is  not  clear  whether  this  com¬ 
munication  was  round  the  south  and  west  of  the  Peninsula  or  round  the 
east  and  north.  We  know  from  the  evidence  of  the  Salt  range  fossils 
that  after  the  glacial  period  there  was  an  irruption  of  European  forms  and 
a  complete  change  of  type  of  the  fauna;  this  period  was  one  of  extensive 
changes  of  land  and  sea  when  vast  areas  in  South  Africa  and  Australia 
were  converted  into  dry  land,  there  is  consequently  a  possibility  that  sea 
stretched  south  of  the  Indian  peninsula  and  the  close  affinity  of  the 
two  faunas  is  more  in  favour  of  this  direct  communication,  than  of  one 
round  by  the  more  circuitous  route  round  the  north  of  the  peninsular 
area,  which  seems  at  that  time  to  have  extended  much  further  to  the  north¬ 
east  than  it  now  does.  At  the  close  of  the  Jurassic  period  the  Indian 
peninsula  was  still  dry  land,  the  east  coast  was  not  very  far  removed 
from  its  present  position,  and  on  the  west  the  sea  flowed  over  Cutch,  the 
Indian  desert  and  the  north-west  Punjab  and  central  Himalayas.  It  is 
not  possible  to  say  whether  the  north-easterly  extension  of  the  peninsular 
area  over  Assam  was  still  dry  land,  but  the  land  connection  with  Africa  was 
still  maintained.  Still  the  presence  of  some  eastern  species  in  the  western 
sea  shows  that  there  must  have  been  either  a  temporary  and  direct, 
or  more  permanent  and  circuitous,  connection  between  the  two.  if 
the  first  of  these  explanations  is  the  correct  one  there  may  have  been  a 
temporary  subsidence,  by  which  the  land  communication  between  Africa 
and  India  may  have  been  severed  for  a  time,  and  certain  forms  of  life 
enabled  to  cross  from  one  maiine  province  to  the  other.  The  alter¬ 
native  explanation  would  be  that  the  form  which  is  common  to  the  two 
areas,  being  an  abundant  and  wide  ranging  one,  was  endowed  with  great 
powers  of  spreading,  and  reached  the  western  sea  round  the  north-easterly 
prolongation  of  the  Indian  peninsular  land  area 

In  the  cretaceous  period  the  land  connection  with  Africa  was  still 
maintained,  the  eastern  coast  line  of  the  continent  ran  not  very  far  from 
the  present  cast  coast  of  India,  across  the  Ganges  delta,  and  along  the 
south  side  of  the  Assam  hills.  On  the  west  of  India  a  different  sea  flowed 
over  Arabia  and  the  Arabian  Sea  and  extended  inland  at  least  as  far  as 
Bdrvvai  on  the  Narbada.  Sea  also  flowed  over  the  hilly  country  west  of 
the  Indus  alluvium  and  over  Tibet. 
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The  dose  of  the  crefau-ous  period  witnessed  that  grea  o'utfnifst'  of 
volcanic  activity  which  buried  the  whole  of  western  India  deep  in  lavas 
and  ashes,  and  extended  from  Sind  on  the  one  hand  to  RdjMmaheodri  on 
the  other,  H  is  not  improbable  that,  this  great  oulhnrst  may  have  been  con¬ 
nected,  as  it  was  probably  contomp«ra  neons,  with  tine  commencement  of 
shat:  great  series  ol  earth  movements  which  resulted  in  the  elevation  of  the  • 
Himalayas  and  the  extra  peninsular  mountain  ranges  generally.'-  But-how-. 
ever  this  may  he,  the  lava  flows  must  have  obliterated  all  the  pre-nxisHng 
surface  features  and  the  origin  of  the  main  features  of  the  drainage 'system, 
of  the  northern  part  of  the  Peninsula  at  least,  cannot  be  ascribed  to  an 
earlier  date  than  the  dose  of  the  Doccan  trap  period. 

In  the  tertiary  era  we  find  no  further  evidence  of  a  land  connection 
with  Africa ;  at  an  early  period  the  west  coast  was  approximately  in  its 
present  position,  and  it  is  probable, that  at  the  close,  op  the  ‘cretaceous  or 
commencement  of  the  eocene  period  fhe  great  Indo- African  continent  was  • 
Hu  ally  broken  up,  and  ali  but  the  remnants  in  India  and  South  Africa  sunk 
finally  beneath  the  sea.  A  - 

The  eocene  sea  flowed  over  western  Rajputdna  -and  the  Indus  valley 
to  the  west,  over  a  large  part  of  BaMciristda  and  Afghanistan,  and  oyer 
the  whole  of  the  north-west  Punjab  and  the  outer  Himalayas  as  far  east 
as  the  Ganges  river,  We  do  not  know  if  this  sea  stretched  eastwards  to . 
the  north  of  the  Peninsula  till  it  joined  that  in  which  the  numibulitics .  ol  _ 
Assam  and  Burma  were  deposited,  but  on  the  whole  it  more  probably  did 
not.  Sea  also  flowed  over  the  central' Himalayas  and  was  probably  con-; 
tinuous  with  that  just  referred  to,-  across  the  north-western  termination 
portion  of  the  range.  -  ,  .  -  .  ■ 

One  of  the  first  effects  of  the  great  series  of  earth  movements,  which, 
resulted  in  the  formation  of  the  mountain- ranges  of  extra  peninsular  India, 
was  an  encroachment  of  land  on  sea,' and  the  driving  back  of  the  sea  first 
from  the  Himalayan  and  Punjab  areas,  and  finally  from  Sind  and  Burma. 
The  same  period  as  witnessed  the  gradual  growth  of  the  Himalayas  also 
saw'  the  rise  of  the  Arakan  Yoma,  and  Manipur  and  Ndgd  hills,  on  the  one  - 
hand,  and  the  greater  part  at  any  rate  of  the  Afghanistan  and.  BaluchistcEh 
hills  on  the  other,  and  as  the  most  important  part  of  this  history  has  been 
told  in  the  last  chapter  it  will  not  be  necessary  to  repeat  it  here.  -  ' 

It  would  have  been  in  the  last  degree  extraordinary,  if  such  extensive  . 
and  violent  earth  movements  all  around  it  had  been  accompanied  by 
absolute  quiescence  in  the  Indian  peninsula,  but  such  disturbance  as  may 
have  taken  place  in  no  way  took  the  form  of  compression,  and  the  only- 
change  which  can  be  attributed  to  this  period  is  the  origin  of  the  Western 
Ghats.  Reference  was  made  in  the  first  chapter  to  the  difficulty  of  ac¬ 
counting  for  this  feature,  and  its  resemblance  fo  a  line  of  sea  cliffs  -modi-  - 
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tied  by  subaerial  denudation  was  noticed,  as  well  as  the  occurrence  of  a 
land  shell  closely  allied  to  a  marine  form.  But  though  the  sea  may  once 
have  washed  the  foot  of  the  ghdts,  it  is  impossible  to  grant  that  they  owe 
their  origin  entirely,  or  even  largely,  to  marine  denudation.  Marine 
denudation  works  slowly  on  hard  rocks,  and  during  the  ages  that  would  have 
been  required  for  the  sea  to  carve  the  low  lands  of  the  Konkafl  out  of  the 
Deccan  trap,  it  is  inconceivable  that  the  rivers  would  not  have  cut  their 
valleys  .much  further  back  into  the  scarp  than  they  have  done.  It  is  far 
more  probable  that  the  main  features  are  due  to  late  tertiary  earth  move¬ 
ments,  and  the  great  rock  basins  of  the  Narbadd  and  Tipti  valleys  show 
most  conclusively  that  there  has  been  a  movement  of  elevation  to  the  west, 
which  certainly  checked  and  may  even  for  a  time  have  interrupted  the 
flow  of  those  rivers,  while  the  ground  along  the  foot  of  the  glrits  has  not 
been  closely  enough  examined  either  to  prove  or  disprove  the  hypothesis. 

Whatever  may  have  been  the  cause  of  the  origin  of  the  Western  Ghdts, 
the  present  easterly  tread  of  the  peninsular  drainage  must  be  an  ancient 
one,  for  had  there  been  any  considerable  rivers  flowing  to  the  west  they 
would  have  preserved  their  channels,  or  if  the  movement  had  been  suffi¬ 
ciently  rapid  to  reverse  the  course  of  the  drainage,  deep  gaps  would  have 
been  left  to  mark  their  former  course.  There  is  only  one  such  gap,  the 
Pdlghdt,  north  of  the  Travancore  hills,  and  it  is  possible  that  a  river  may 
once  have  flowed  westwards  through  this,  whose  drainage  was  reversed  by 
the  earth  movements  which  raised  the  Western  Ghats,  leaving  the  lower 
part  of  its  course  to  be  occupied  by  a  much  smaller  stream,  while  the  bulk 
of  the  drainage  was  diverted  to  the  east.  With  this  possible  exception  it 
is  probable  that  the  main  features  of  the  peninsular  drainage,  the  two  great 
westerly  flowing  rivers  to  the  north,  and  the  series  of  easterly  flowing  ones 
further  south,  were  marked  out  at  the  close  of  the  Deccan  trap  period. 

We  see  then  that  the  origin  of  the  west  coast  of  India  dates  from  the 
middle  of  the  tertiary  epoch  or  a  little  earlier,  when  the  dry  land  which 
stretched  westwards  into  the  Arabian  Sea  was  depressed,  and  at  the  same 
time  that  to  the  east  was  elevated  to  form  the  Western  Ghdts,  the  most 
recent  and  also,  perhaps  more  correctly  therefore,  the  most  conspicuous 
feature  in  the  geography  of  the  Indian  Peninsula. 
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.  .  j  22 

20 

74 

1 

266, 278/  •  '■ 

Chichal;  H.,  see  Mak 
Cbichdli  pass . 

!Sni. 

• i  m 

8 

71 

25 

229, 276. 

Chidns  . 

•  |  £4 

33 

n 

50 

123.  •  •  ,•  .. ■ 

CMkials 

•I  '19 

3  . 

79 

59 

18C  ■  . 

■-  -  = - L.,-....- 

. 
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Longitude. 
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o  , 

0  , 

Chikkim  H . 

32  22 

78  2 

294. 

Chiknayakanhalli  .... 

13  25 

76  40 

48. 

Chilkd  L . 

19  40 

85  25 

404. 

Chilpi  ghdt  .... 

22  JO 

81  7 

64. 

Chimur  ..... 

20  3l 

79  25 

92. 

Chindwin  R.  . 

22  40 

95  20 

18,  336,  343.  423- 

Chiniot  ...... 

3>  u 

73  1 

72. 

Chinna  Tirupali  .... 

16  57 

81  19 

180. 

Chirakhan  ..... 

22  22 

75  II 

249. 

Chitaldrug  ..... 

14  14 

76  26 

48. 

Chitarkot  ..... 

19  12 

82  46 

yi- 

Chitor  .  . 

24  52 

74  4' 

68,  93,  98. 

Chittagong  ..... 

22  21 

9i  53 

6,  12,  335- 

Chittapahdr  H. 

33  40 

72  25 

352- 

Cholaxno  L,  .  .... 

28  2 

88  48 

488. 

Chopra  ..... 

24  27 

79  28 

96. 

Chor  H.  ,. 

30  52  j 

77  32 

43.  U7- 

Chorar  I. 

23  52 

/i  14 

215,  218,321. 

Chota  Nagpore,  see  Chutia  Nagpur. 

Chotiali . 

30  2  i 

68  56  ■ 

291,  305,  418. 

Chunar,  see  Chandr. 

| 

Chuma  I . 

n  54 

66  38 

312. 

Chutia  Ndgpur  .... 

23  0 

84  0 

5.  32. 63.  154,  375- 

Cocanads.  ..... 

16  57  j 

82  13 

180,  182. 

Cochin  .  .  .  .  .  .  ■ 

9  58 

76  17  ; 

299,  405. 

Coleroon  R.  . 

11  0 

79  20 

232. 

Colgong  ..... 

25  16 

87  17 

176. 

Coimbatore  .  .  .  .  .  ] 

it  0 

76  0 

38,40,412- 

Comorin,  Cape  .  .  *  .  .  1 

8  4 

77  36 

3,  377- 

Cossyah  H.,  see  Khasi  H,  i 

Cuddalore  .  .  .  .  .  | 

11  43  j 

79  49  ! 

392.  404. 

Cuddapah  .  .  .  .  .  i 

14  29  | 

78  52 

33, 35,  40.  7-S,  56,  575. 

Cumbum  ....  1 

15  34  j 

79  9 

Si. 

Cutch . .  ! 

23  20  j 

69  3° 

132.  iSS.  207.  215.  279, 

j 

285.  319, 387,  416. 

Cuttack . | 

20  29  j 

85  54 

17S,  37S. 
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dV&U  Dh$r 
□Mr  . 
Dhir  Forest 
D  harampur 

Dhariawad 

DhdrwSr 


461, 484. 
253- 


Dhosa 

Dibrugarti 


25  13 
23  19 


78  4i 
69  4* 
94  57 
96  30 


220. 

33i»  42?- 
33b463. 


Doigning 

Dongargaon 


Dubrfjpur 
Dudatoli  H. 
D&lkfir 
Dulchipur 


'  Dunghan  H, 


id  28 
«S  S« 


78  35 
96  23 
77  29 
Si  9 

79  57 


,269. 


is 
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F 

Fatdijang  .... 

33  35 

Looglttt-1*. 

72 

490, 

Fcrozpur . 

3»  .  57 

74  38 

428. 

Foul  I . 

18  6 

94  7 

II. 

False  I.  , 

18  41 

93 

21.  •, 

G 

GadAni  , 

25  7 

66  45 

315- 

GadawarA . 

22  SS 

78  so 

39  h  398, 399'  '  •  ' . 

Gaira  H.  . 

23  37 

08  40  ' 

.32!,  322- 

GfCj  R.  . 

z6  52 

67  30 

3»4»  3!>5>  306,  31 1, 

GundahAri  H.  . 

27  6 

6g  46 

310, 

Gandak  . 

30  *2 

67  12 

318. 

Ganges  R, 

25  45 

84  0 

426,450,  ,  .  . 

GAngta  ..... 

23  45 

70  32  ■ 

220. 

Garliwal  ..... 

3°  8 

78  4» 

43,  *17,  >34  23. ',349,  4*3, ' 

Giro  H . 

25  30 

9«  15 

46O,  480.  •  ",  = 

296,323,332. 

Ganidamatigalam  .... 

ii  5 

73  58 

237.  ,,  ,  .  ■ 

Gatparba  R.  . 

16  15  j 

75  45  . 

84,403,  - 

Gaulviti  ,  .  .  .  .  ! 

26  n 

91  48 

427,  440.  ;  ,• . 

Gauli  .  .  .  .  .  ,  1 

j  15  34  ■ 

74  24  ! 

381.  ■ 

Gaya  .  ,  .  _  . 

24  49 

85  3 

57,  5».  ■  ' 

Ghaggar  R . 

24  37 

83  10 

99- 

Ghansura  ..... 

24  59 

85  20 

58.  '  ,  '  ‘ 

GhAzipur  ..... 

23  35 

S3  3S 

437-  \  •  .  ; 

Gidhaur 

24  51 

86  14 

57,59-  * 

Gilgit  ....  . 

35  55 

74.  22 

419-  •  . 

Girnar  ..... 

21  3o 

70  42 

z?9-  •  ‘ 

Giumal  ...... 

32  10 

78  14 

a29*  '  '  '  "  ‘ , 

Goa  ...... 

15  30 

73  57 

377- 

GoAlparA  .  .  ,  . 

26  IX 

90'  41 

427.  /-  ; 

GodAvari  R,  , 

17  30 

81  0 

33- 89,  9*,  *51,  162,1% 

Goff  .  .  .  .  ... 

.  16  44 

76  49 

179, 184,  264,  268,  462, 

'  4*3,' 4*6- 

88;  .  ‘  .  ■ 

geographical  index. 
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Longitude, 

Page, 

Gokdk  . 

16  10 

74  53 

83.  403- 

GoldgMt  . 

26  30 

94  0 

296. 

Golapilli, . 

17  43 

80  58 

179. 

Goona . 

24  40 

77  20 

255- 

Gooty  . . 

15  7 

77  42 

78,  80. 

Gondicotta  . 

14  49 

78  21 

81. 

Gopat  R.  ..... 

*4  25 

82  15 

56- 

Gujflrdt  . 

25  0 

72  0 

300’  375.  337,  407,  414- 

Gujri  ...... 

22  20 

75  34 

258. 

Gulcheru  ..... 

14  t8 

78  48 

79- 

Guntur  ...... 

16  18 

80  29 

78,81. 

Gwadar  ....... 

25  0 

62  40 

316. 

Gwalior  ...... 

26  13 

78  12 

65,  256,  279,  375. 

H 

Hab  R. . 

24  52 

66  42 

3°6.  3°9- 

Haidarabad  ..... 

17  22 

78  30 

33,  261,  265,  41 1. 

Haidardbdd . 

25  23 

68  25 

453- 

Hakra  R . 

28  0 

70  0 

!  450. 

Hdla . 

25  48 

68  27 

312. 

Halamdn  H . 

23  20 

69  51 

2l8j  220. 

Hamadun  . 

30  29 

67  24 

293* 

Handid . 

22  28 

77  2 

53,  39s- 

Hanle . 

32  47 

79  4 

460. 

Harangaon . 

22  45 

1  77  2 

256. 

Hardd . 

22  21 

77  8 

54,  39s- 

Harin  Pal  ’ 

22  2 

74  45 

396- 

Haripur . 

34  0 

72  59 

1 16. 

Hasan  Abdal  ..... 

33  49 

72  45 

13S- 

Hatni  R . 

72  >2 

74  33 

213. 

Haveliyan . 

34  3 

73  14 

116. 

Hawsbuenshan  .... 

24  28 

98  46 

is. 

Hazara . 

34  9 

73  15 

43,  13s-  229,  352. 

Hazdribdgh . 

23  59 

35  25 

3,  30.  3I,  ()2,  154.  l66,  177* 

Henzada . 

17  38 

95  32 

147,  337, 4-’5- 
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Latitude. 

Longitude. 

\  «’**•  •  . 

Merit  ...... 

34  20 

62  II 

140.  .  . 

Hindaun  * 

26  44. 

-  77  5 

67.7I- 

Hindnbagh  ..... 

30  51 

.  6?  47 

143-  , 

Hindu  Kush  ..... 

,3«  0 

71  0 

7»  4T»  140. 

Hingir  ..... 

21  57 

83  46 

168. 

Hinglaj  ..... 

*5  34 

63  47 

SIS-  ’  ■  '  • 

Htngoli  ..... 

1 9  43 

77  ii 

402.  .  . 

Hiran  R . 

22  j  2 

74  10 

266.  ’  ' 

Hlwa  R . 

19  26 

94  12 

J44>  3fi6. 

Hoshangabad  .... 

20  45 

77  4r> 

103.  !;V>  25s.  vl 5-  '  . 

Hothian  Pass  . 

25  4S 

67  57 

3,!3-  •  '  - 

Hitghii  R . 

22  55 

S3  36 

444-  ■  '  ;  ' 

Hukong  ..... 

26  45 

96  30 

423- 

Hundes  ..... 

31  20 

So  0 

75.  294..34S.  422.464,  477, 

Hurnai  ..... 

3°  5 

68  0 

290.305,  3  >7.  - 

Hutar  ..... 

23  5° 

«3  53 

161.  .  ; 

I 

Indargarh . J 

2.5  44 

76'  14 

93.  io3-  "  - 

Indore . .  j 

22  42 

75  54 

3-  ' 

Indrawatf  R.  .  .  .  .  j 

19  20 

81  0 

1 9I'  -  ■  ;  \ 

Indus  R . 

29  5 

70'  30 

44._305.34-S.  4  <9> -t^S.  449. 

Inikurti  ..... 

;  H  21 

;  79  46 

!  34-.  - 

In  na  parazpilayam 

!  1;  IS 

82  28 

;  jSo.  -  - 

irawadi  R. 

23  30 

'  96'  0 

;  S°a.  324.  33<>;  373.  4*3‘  •'  . 

Iriakonda  ..... 

16  2 

78  4i 

|  82.  ’■  ' 

lskardo  ..... 

J 

35  12 

75  35 

140.'  •  . 

Jabalpur . 

23  jt 

79  59  > 

55.  i87>  262,  264,  372,  396, 
39s-  -  ' 

jabi  ...... 

3i  54 

n  to 

i*3>.  -  ■  '  •  ‘ ' 

Jaeobdbdd  . 

28  17 

68  29 

457.  ••  • 

Jaggaryapet  .... 

16  52 

80  9 

7s*  ‘  ,  / 
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'Jaintia  H. 

Jaipur  . 

Jaisalmer 

Jakhmari 

Jalna  .  . 

Jamalamadugu 

Jambughora 

Jam  Ira  Pit 

Jamkhandi 

Jammu 

Japvo  . 

Jarra  . 

Jashpur 

Jaunsar 

Jehlam 

Jerruck 

Jessor  . 

Jhalra  PAtan 
Jhand 

JhariA  . 

Jhilmilli 

Jind 

Jobat 

Jodhpur 

Jumna  R. 

Jura  H.. 

Jutogh  . 


Kabaung  R. 
KAbu!  . 
Kach  . 
Kachao  H 


7 

Longitude, 

Pag. 

25 

30 

1  0 
92 

15 

296.  334- 

18 

55 

82 

38 

4,  375- 

26 

55 

70 

57 

227,  308,  455. 

26 

9 

67 

56 

287,  289. 

19 

5° 

75 

£6 

19,  4°2- 

H 

5i 

78 

26 

85. 

22 

19 

73 

47 

73- 

23 

5 

83 

45 

255.  374- 

l6 

3° 

75 

22 

82. 

32 

44 

74 

54 

35°,  354,  357,  46 

25 

36 

94 

6 

335- 

23 

4i 

69 

5 

218, 

22 

53 

84 

12 

375- 

3° 

43 

77 

54 

44,  117. 

32 

35 

73 

47 

140,  419,  466. 

25 

3 

68 

18 

3°3,  306,  309,  31 

23 

10 

89 

15 

434' 

24 

32 

76 

12 

93>  94,  98,  102. 

33 

26 

72 

5 

419- 

25 

27 

78 

37 

27- 

23 

44 

86 

29 

165. 

23 

24 

83 

55 

157- 

29 

19 

76 

23 

72. 

22 

27 

74 

35 

4°,  51,  54. 

26 

17 

73 

4 

74,  106,  430,  455. 

25 

26 

92 

16 

296. 

29 

IS 

77 

ro 

436,  446,  45°  ■ 

23 

23 

69 

36 

218,  220. 

3i 

6 

77 

10 

134- 

18 

52 

96 

18 

342- 

34 

3° 

69 

18 

7,  419- 

3° 

2 1> 

67 

19 

293- 

25 

S 

94 

46 

14S. 
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Latitude. 

Longitude, 

Page. 

Karharbarf . 

24  10 

86  20 

160,  164. 

Kafntil  ...... 

15  50 

76  5 

35,  40, 86,  89,  395. 

Karo  R. . 

22  12 

74  10 

266. 

Kartse . 

34  16 

7b  0 

132. 

Karvrf . 

25  12 

80  57 

94.  97- 

Kasakanahal  ..... 

16  31 

7&  39 

88, 

Kasauli  ...... 

3°  53 

77  1 

350- 

Kashmir  ..... 

34  6 

74  51 

41,  44,  1 16,  134,  420, 

Kashmor . 

28  26 

69  36 

15,  345,  428. 

Kasom  H . 

25  0 

94  43 

334- 

Kdteru . . 

r7  3 

81  48 

268,  270. 

Kdthidwdr  ..... 

22  20 

7°  55 

189, 253, 259, 279, 323,  ^5, 

408,  409,  412,  416,  454. 

Kdlikela . 

21  47 

84  9 

33- 

Katrol . 

23  12 

69  50 

Katta . 

32  31 

72  30 

122. 

Kau-ran-gyi . 

16  31 

93  48 

34°- 

Kavhad 

32  27 

72  11 

hi. 

Kawant . 1 

22  6 

74  5 

253, 

Kayal . 

8  38 

78  lo 

13- 

Keantali . 

18  0 

94  34 

297,  338. 

Ken  R . 

24  22 

79  20 

52,  59,  94,  97- 

Khaibar  Pass  .... 

34  5 

71  8 

141. 

Khaiiemurut  H . 

33  28 

72  50 

353- 

Khairgaon . 

19  49 

79  15 

158. 

Khairpur  ..... 

|  28  3 

69  44 

451- 

Khalsi . 

34  20 

96  52 

345,  347- 

Khandesh  ..... 

20  54 

74  4b 

261,  27S,  396,  39S. 

Khanpur . 

33  49 

72  55 

1 16,  139. 

Kharakpur . 

25  7 

86  35 

59,  375- 

Kharir  I.  .... 

23  S2 

70  22 

2 1 8,  220,321. 

Khasi  H . 

25  34 

9i  55 

60,  150, 246,  296,  329,  332. 

Khattan . 

29  34 

68  29 

291,  293,  304,  307. 

Khelat  . . 

28  53 

66  28 

143,  292. 

Kherly . 

27  12 

77  5 

69. 

Kheura . 

32  39 

73  3 

no. 
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UmgStudc. 

S’.IK*.  " 

Khisor  H, 

32  20 

71  JO 

!CX>, 

Khulni  ...... 

22  49 

.89  37 

'434- 

Khundghat  > 

32  2$ 

72  16 

‘  122.  •.  « 

Khwaja  Aniran  H.  . 

3°  39 

66  30 

142,343.  . 

Kbyber,  see  Khaibaf. 

Kim  R.  . 

si  25 

J2  40 

300. 

Kira  H.  ..... 

«3  37 

60  17. 

218,219,  ■  •" 

Ktrana  H.  .  .  ,  > 

31  57 

73  44 

73' 

Kirta  ....  . 

29  32 

67  -  3® 

m- 

Kirthar  H. 

27  0 

67  12 

3,305. 3^.-311,313, 

Kishengar.gi  R . 

34  45 

74  0 

133. 

Kistna  R . 

to  30 

79  30 

33,  40,  82,  402,  4T2, 

Roar't  Bet  . 

03  58 

69  47 

218. 

Kobat  *  *  i  ■  » 

33  36 

fi  29 

325- 

Ko,hima  ..... 

2S  4® 

94  9' 

.  148.  .  ’ 

Koilath  ...... 

2?  50 

73  31 

308. 

Roil  Kuntla  . 

15  14  i 

?S  23  ; 

86. 

Kolamnala  ..... 

16  O 

79  52  ; 

82. 

Kolir  .  .  .  .  .  .  ; 

13  3  | 

78  10  ; 

48.  - 

Kopilas  H.  .  .  .  .  .  | 

20  4! 

85  So 

375, 3?<5. 

Kcirba  ......  j 

22  2.) 

82  40 

165;  .  . 

Kori  R.  ,  .  .  .  .  ,  | 

23  45 

€8'  40 

452.453- 

Korkai  .  .  .  .  .  .  j 

tl  2 

79  49 

|  »3-  ' 

Kosi  R.  .  .  .  .  .  . ) 

20  30 

79  H 

469. 

Kota  .  .  .  .  .  j 

18  33 

So  * 

184,' 

Kotasir  .  .  .  -  >  .  j 

23  41 

'  9S  35 

453- 

Kotri  .  .  .  .  ,  ,  \ 

25  22 

68  22 

\43:  306,  3'i2.'3'5. 4® 

Krol  H . | 

30  57  • 

to 

133.13  V- 

Kubo  .  .  .  ,  .  ,\ 

24  'l'5 

91  3° 

9.4*3- 

Kucb  Bob  ar  .  .  ,  .  .  | 

26  m  • 

89  29 

33*-  -  '  ' 

Kudin  | 

27  4 

7°  ■  37 

228.  '  - 

Ruling  . . j 

32  3 

73  9 

130- 

Kulu . ( 

3i.  58 

77  7 

ri7-  '  ' 

Kumiun  .  ,  .  .  , j 

29  35 

’  79  4t 

43.  ”7,  349.  4<>4.  i6<\ 

.  -480.' 

Kutidair  R,  ,  ,  .  j 

H  5° 

78  40 

78,  84,  86.'-  ■  "  ,  ’  i 

geographical  index. 


Ruram  R, 
Kyaukpu 


Laccadive  I. 
Ladakh  . 

Lairangao 

Laisophlang 

Lakhi  H. 

Lakhpat 

Lametd  ghat 

Ldrkhana 

Leh 

Lenya  R. 
Lhasa  . 

Lintzithang 
Lodai  . 

I.okhzung  H. 
Londr  . 

Long  Island 
Luckeeserai 
Lucknow 
Ludhidna 
Luni  R.  , 

Luni  Pathdn  H. 
Lus 

Lynyan  . 

Mach 
Madanpt 
Maderapaucum 
Madhupur 


latitude. 

Longitude. 

■  33  37 

70  34 

•  19  25 

93  41 

12  0 

77  0 

34  10 

77  40 

26  3 

78  24 

3i  34 

74  21 

25  20 

91  47 

25  13 

91  46 

26  0 

67  50 

23  5° 

68  49 

23-  6 

79  53 

27  33 

68  15 

34  10 

77  4o 

11  30 

99  0 

29  41 

91  6 

32  9 

78  17 

34  5° 

79  15 

23  24 

69  57 

16  10 

75  26 

35  10 

79  40 

19  59 

76  33 

16  15 

94  40 

25  11 

86  9 

26  52 

80  58  , 

30  55 

75  53  • 

26  35 

72  35  < 

3°  10 

69  40  - 

25  20 

66  45  : 

25  39 

68  12  ; 

29  22 

6?  23  3 

24  15 

78  46  2 

13  27 

8°  4  3 

24  34 

90  0  4 
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Latitude, 

‘  P“sc-  . 

Madt&s  . 

£3  4 

80  i? 

4. 12. 378, 388,  404  •;  . « 

Madura  .... 

9  S3 

?s  10 

39,  184,  412-  ,  '  • 

Mahnbaleshwar  .  .  •  ■ 

17  5-5 

73  44 

4,278,374.  •  ■  .  , 

MahdbaOpur  .... 

12  37 

80  14 

12.  ‘  ,  •-  • 

Mahabaf  H.  . 

H  35 

85  55 

57.58; 

Mahsd&yi  R.  .... 

15  J*7 

74  25 

381.  .-•••■  •. 

Mahadeo  ..... 

35  13 

91  47 

S46. 

Mahadeva  H.  .... 

22  20 

78  3o 

5, 167, 279.  .  ,  ' ,  ■  ■ 

Mahdnadi  R.  .... 

20  45 

84  3° 

39.91,107,131. 

Mahirtadi  R.  .... 

24  O 

'So  53 

<A 

Maharajpur  » 

s&  54 

78  18 

105. 

Mafendraganj 

25  t8 

*?o  54 

332>  1  '■  .  * 

Maher  ...  • 

24  43 

ss  13 

57- 

Maheswar  ....  - 

22  II 

75  37 

,253.  '  •  .  .  . 

Mafradgarhl  M.  .  . 

24  29 

87  26 

376.  . 

Mai-f  ...... 

19  20 

94  13  ' 

297,  33S- 

Maidanf  H.  .  •  •  •  •  ' 

3-’  51 

71  !>  : 

228,  326. 

Main  Pit  .  .  •  «  .  ' 

22  48 

83  20 

'263.  *67.  374,' 3k3- 

Mahvand  .  -  -  .  .  i 

31  43 

65  16 

'  294-  .  ■  '•  " 

Makuir,  .... 

27  18 

95  4<  ' 

33*.  - 

Malani  .  . 

25  45 

n  25 

74.  ' 

Maidive  f . 

6  o 

73  JO 

12.  -  • 

Maleri  ...... 

?9  n 

79  40 

■  '  , , 

Maikapnr  .  .  .  •  .  ■ 

20.  S3 

76  23 

.jot.  •  .  . 

Malparba  R.  .... 

id  o 

75  57 

4£'3- 

Mdhvdn  ..... 

id  3 

73  3o' 

377,  4«9- 

B'lamand  ..... 

20  39 

J  68  45 

3c7-  '  •  ;■ 

Man  R.  ..... 

22  30 

j  75  *0 

253-' 

M  anbhuro . 

23  20 

86  25 

.62, 

Manclihar  Lake  .... 

2d  2S 

(<j  42 

3  -5.  313,  4Sf.  .  ‘ 

Mandalay  ..... 

1  2!  59 

96  8 

118,336.' 

Mandar  H. 

j  24  5° 

SL  .  5 

V-  -  ;  ' 

Maisdla  ..... 

j  «  35 

80  24 

92,279,383,  . 

Mdndcgarh  ..... 

!  75 

249-  . 

Mandsaur  ..... 

!  24  3 

|  75  ». 

70.  ‘  •  ■ ' 

Maner  R. 

]  iS  30 

j  79  45 

%•  •.  . 
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'  Latitude. 

Longitude. 

o  , 

0  , 

Manga  Pir  see  Pir  Mangho. 

Mangli . 

20  22 

79  4 

I69. 

Manima'jai  .  .  .  •  . 

II  36 

76  ir 

Manipur  . 

24  48 

93  59 

9,  147,  297,  334,  335, 

Mansurah  . 

25  53 

68  49 

Maobehiarkdr  . 

25  24 

91  48 

Maosmai  .  .  .  .  . 

25  15 

9i  47 

246. 

Marai  ...... 

24  7 

81  16 

56. 

Maraura  ..... 

24  23 

78  52 

26 . 

Maravatur  . 

11  13 

79  0 

236' 

Mari  H.  .  .  .  -  . 

29  20 

68  so 

294  304=  3°7.  318- 

Markha  R.  .... 

33  55 

77  20 

346,  347- 

Marot  ...... 

27  6 

75  8 

70 

Marpanraadi  .... 

u  31 

76  28 

Martaban  ..... 

16  32 

97  38 

142,  37S:  425. 

Masbalak  H. 

30  20 

66  50 

4i/. 

Maski  .  .  '  . 

IS  57 

76  43 

48. 

Masulipatam . 

16  9 

81  12 

I5°- 

Matabhanga  R . 

23  40 

88  45 

Matapenai  H. 

22  12 

73  53 

278. 

Mathar  ...... 

33  33 

67  5o 

325- 

Matheran  ..... 

18  59 

73  18 

274  374-  387- 

Ma-tun . 

19  12 

95  0 

337- 

Maul  main . 

16  30 

97  38 

142. 

Mauphlong  .... 

25  27 

9'  4S  | 

6r,  203. 

Meerut  ...... 

29  t 

77  45  j 

42  7- 

Meghnd  R. 

23  45 

9i  0  j 

Makalgandi  ghat  .... 

'9  .55 

78  4S  j 

267.  .'/!>. 

Memkal  .... 

i.S  ' 

77  0  j 

Mergui . 

,2  n 

9«  38  ; 

Mi- 

Midnapur  ..... 

23  25 

87  2)  j 

574-  59-'-  415 

Milam . 

30  29 

s"  13  1 

129.  1 

Minbu  ...... 

20  13 

•4  57  ! 

20. 

Minet-touug  ....  1 

19  lo 

o.S  33  j 

549- 

Min-gyi .  .  .  .  .1 

IK  8 

93  50  ' 

- 

- _  ] 

•  - .  _ 

GEuf„ 
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NAgsrl  Niise, 
Nagode . 
Nagpur  T  , 

N5han  , 
Naira  R. 


NaUamalai  H. 
Nambar  R.  , 
Nimddng  R. , 
Nancowiy 


Narbadi  R, 


Naiji  . 
Naira  R. 


Neilgherry  ft, 

Nellara  • 


i  NAgiri. 


Nga-ptt-tau 
Nga-tba-mn 
'  Nicobar,  [. 
Nilang  > 
Nilgici  , 
Nimach 


j,  151,  ifiS,  2(ra,  2<i 
280,  374)  4oa,  413* 
33*.  358.  4**’ 


33.4«,5".  7s.  373.  4*6- 
7j.42i.438- 


4,14,  37.40.375.409.413- 


geographical  index. 


, 

Latitude. 

longitut 

Pangong  L.  . 

33  45 

78  45 

Paniam 

Panna  *  " 

*5  3i 

78  25 

Pan-ta-naw  .  I 

24  43 

80  14 

Panwari 

16  55 

95  28 

Pslpaghni,  R.  . 

25  26 

79  32 

Pir  •  •  .  !  '  ’ 

H  20 

78  30 

P4ra  R.  .  .  *  * 

26  3 

78  6 

Pdrasnith  . 

32  35 

78  12 

Parihar  H. 

23  53 

86  10 

Patcham,  J.  .  I 

»7  it 

7o  42 

Patkoi,  H. 

*3  52  j 

69  50 

Patna  .... 

*5  40 

94  0 

Patthargattai  ...  j 

20  42 

83  12 

87  52 

Pdvulur  .  ’  | 

2°  41 

Pawagarh 

pegu  .  ,  . 

PeMnf  R. 
Pengangrf  R. 
Penner  R.,  North 
»  South 
Perarabalur 
Perim,  I. 
Peshawar 
Phonda  ghat 
Phuleli  R. 

Pichor 
Pid 

Piram  I.  see  Peri, 
Pir  Mangho  . 

Pir  Panjil 

Pishi'n  . 

Places  garden 
Pokaran 
Pondicherri  . 
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Spoons 

18  31 

73  55 

259.  271,  278,  '  .  . 

Port-bandar  . 

at  37 

69  48 

.395* 

Port  Canning'  ,  .  .  . 

22  19 

S3  43 

434--  \  < 

Porto  Novo  ..... 

11  29 

79  48 

404.  . 

Potwar  .  ... 

33  0 

73  0 

14.  4lS,  48+.  ’  . 

PrAnhfta  R.  . 

19  30 

So  0 

90, 184, 279.  ;  / 

Proine  .  « 

18  43 

95  PS 

339. 3+0; 

Prtdiikattai  ..... 

10  23 

78  52 

40. 

Pugha  . 

33  13 

78-  20 

34fi-  .  . 

Pulivendaia  ..... 

H  2.5 

78  17 

80. 

Pulkoa  ..... 

21  35 

79  53 

96. 

PuIIampet . 

14  15 

79  5 

8t.  ■  .  ' 

Pulney  H.,  see  Paint. 

Puppa  H.  ... 

20  S7 

95  '  Jo 

17.  '  - 

Ft  tran  R . 

24  40 

69  15 

452-  •  .  '  t 

Punch  R. 

33  25 

73  47 

351,467. 

Pungadi  , 

17  1 

81  41 

2%.  1  , 

Puriam  Point  .... 

15  19 

93  58 

337.  435.-  ■ 

Purna  R. 

31  0 

76  25 

'  396.  4«i,  449. 

Q 

Quetta  ..... 

30  12 

67  4 

142,  290,  305,  '307.  3I8, 

Qurlon  ...... 

9  53 

76  37 

“99,  391. 

R 

Ragavapttram  .... 

17  2 

81  23 

jSo. 

Ratalo  ....... 

2?  6  - 

76  T7 

69.  . 

Raidak  R.  .  ,  .  ^  • 

26  43 

89  go 

45* 

Raichur  Doab  .... 

16  0 

78  0 

36,86.  .  '  :• 

R%w  ..... 

21  IS 

8s  41 

64.  *  '’'*,' 

Rdjdgriha  H . 

25  0 

85  30 

58,  W.  '  7 

Rajah’s  choultry  .... 

i5  52 

79  5« 

244*  ’  ' 

RAjdmahendri  . 

17  0  ■ 

81  48 

179.  263,.  268,  279,-3 93, 

40E*  .  '  ■-  - 
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L  atituile. 

Longitude, 

Page. 

Rdjanpnr . 

29  6 

70  22 

Rajdpur  ..... 

24  57 

80  25 

28. 

Rajmahal  ..... 

25  2 

87  53 

Rajmahal  H.  .... 

24  30 

s?  30 

ISO,  159,  174,  372,  376, 

Rajpipla  ..... 

21  54 

73  34 

Rdmgar.gd  R.  .  .  . 

29  33 

79  0 

469, 480. 

Ramgarh  ..... 

23  33 

85  35 

Ramgarh  ..... 

22  53 

86  14 

63- 

Ramndd . 

9  22 

78  52 

Ramnagar . 

23  45 

S6  54 

437- 

Rampurd  ..... 

25  58 

76  7 

9?. 

l9  5 

93  45 

20t  2 flj,  -3^,9. 

Rangoon  . 

16  47 

95  13 

34°,  342, 424. 

Raniganj  ..... 

23  36 

87  8 

159,  161,  164,  1 66,  170, 

I77>  437.  392. 

Rdnikot  .  .  . 

25  5+ 

67  56 

3°3- 

Ranj  R.  , . 

24  48 

89  19 

97- 

Ranjit  R.  . . 

27  15 

88  20 

76. 

Ranthambhor.  .... 

26  2 

76  30 

103. 

Ratanpur  ..... 

21  44 

73  15 

301. 

Ratnagiri . 

17  0 

73  20 

36,  3°°,  377.  3S9* 

Rivi  R.  • 

30  3° 

72  3° 

355.  46i. 

Rawalpindi  .  .  . 

33  37 

73  6 

352.418, 

Rebni  .  .  .  ,  .  .  ' 

19  16 

79  29 

186. 

Red  Hills . 

13  9 

80  16 

378. 

Rer  R . ] 

24  3° 

83  5 

56,  60. 

RewS  ...... 

24  3I 

81  20 

29,56.153.  161,167,  173. 

186,  25  b  279,  3S3. 

Ridsi  ...... 

33  5  : 

74  50 

347,  35i. 

Robdar  R.  .  .  .  .  ; 

29  35  i 

67  20 

203- 

Rohri  ...... 

27  42 

6S  56 

305.  430.  45 1. 

Rohtasgarh . 

24  37 

S3  56 

95- 

Rongreng  ..... 

27  16 

95  46 

33 1- 

Rotas  ...... 

32  58 

73  39 

419. 

Rtipbds  ..... 

27  0 

77  39 

100. 

Rl3pShU . 

33  0 

78  0 

42,486. 
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S  i 

°  \  i 

"  ’  : 

Sab;tal-ltot  . 

2f}  9  • 

70  2 

•432.435- 

Sadiyd 

27  50 

95  42 

427.  459-  . 

Sadri 

n  z3 

74  46  - 

70- 

Safed  K.(  h  . 

34  0 

70  0 

7,41,140,229.  ... 

Sagar  ...... 

.  23  50 

78  49 

93.383  '  ■  .  , 

Sa’naranpur  , 

29  58 

77  35 

427,437-  ''  ,  ", 

Sabyadri  H.,  see  Western  Gbits. 

St. '!  hornS  ..... 

13  2 

80  19 

i?.  '  .... 

Sainlboray  ..... 

n  JS 

79  13 

24a  1 

Salem  ...... 

11  39 

78  12 

■JS  38,  40-  '  . 

Siletekri  ,  .  .  . 

21  47 

80  53 

%  .  '  ■  .  ' 

Salsette  ..... 

■19  10 

72  57 

259,  271.  ■ 

Salt  Range  ..... 

32  40 

73  0 

7.  8,  mg,  1 19,  228,  286, 

'  35 J,  353.  3SS-  4‘8- '  ;  • 

Sain  in  R.  .  .  .  -  . 

.<6  45 

97  4o  i 

•  142,424,425. 

Samagutlng-  , 

So  45 

93  46 

334' 

Sambalpur  , 

21  27 

84  1 

32.  70.  ioj,  151^  J%. 

Sambbar  Lake  .... 

27  55 

75  5 

70.  •  . 

Sandcnvay  ..... 

iR  28  j 

9k  25, 

297. 

Sanddr  .  .  .  .  .  ,  : 

13  5 

?>'■  35 

•  48,49- 

Sanju  ...... 

33  4 

78  30 

1  a9i* 

Sankaridri.g'  ..... 

U  20 

77 .  56 

38-  ... 

Sankloria . 

23  42 

:  86  52 

437-  .  .  . 

Sara  R.  ..... 

20  9 

■  79  |8 

468.  ■  • 

SaraswaU  R.  ,  .  ,  ... 

2t)  58 

76  58 

450.  '  ; 

Sarguga  ..... 

i  23  20 

83  15 

'  153,  *57,  255,263,  267,.. 

279,3/4,383- 

Saridb  ..... 

i  30  6 

67  0 

290. 

Sasserim  ..... 

24  57 

84  3t 

93-95- 

Satpnra  K . 

22  20 

79  0 

3-  ,5.  .54.  *5°.  >54  if1?,  170, 

172,201,398. 

Sattavedu  .... 

13  2fl 

80  1 

1  182,  389;, 

Sawanlvari  , 

15  -’54 

i  73  5 2 

36. 

Se'nwan  ..... 

26  2  > 

6?  54 

309,  428,  451,  452. 

Semri  R. 

n  35 

!  79  33 

g6„  •  •  ;  • 

Seonl  ...... 

:  S3  5 

79  35 

,9% 411-  : '■•  •;■ ' 
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Latitude. 

Ungm.de, 

Page. 

0  ,  * 

„  , 

Seringa  pat. am  . 

12  26 

76  43 

48. 

Shahgarh  ..... 

24  19 

79  11 

2  6,  96. 

Shaikhdvyati  ..... 

28  0 

75  0 

69. 

Shaikh  Budfn  .... 

32  18 

7°  51 

228. 

Shaikhpura  H . 

25  8 

85  53 

57.59- 

Shdli  H.  ..... 

31  11 

77  20 

117. 

Shayak  R. 

34  45 

77  0 

420,  460. 

Shevarov  H.  . 

11  52 

78  13 

4,  14.  3S7.  415- 

Shikdrpur . 

27  57 

68  40 

315.  428. 

Shillong  ..... 

25  33 

9i  56 

44.  61,295. 

Shimoga  .  •  •  •  • 

15  55 

,  75  36 

48. 

Sholdpur  ..... 

17  40 

75  57 

261. 

Shorapur  ..... 

16  3r 

76  48 

48. 

Shrishalam  ..... 

16  5 

78  56 

82. 

Shyok  R,  ses  Shayak. 

Sibi  ...... 

30  4 

67  50 

318,  418. 

Sibsdgar  ..... 

26  59 

94  38 

33i.  427- 

Sichel  H.  ...  . 

19  35 

78  50 

26  7. 

Sikkim  ...... 

27  5 

88  19 

149,  3+8.  48S. 

Simla  .....  . 

31  6 

77  11 

107.  117.  132.  136.  349. 

459.  465. 

Simra  ....  . 

25  2 

87  26 

176. 

Sind  R.  .  .  .  .  . 

25  45 

78  15 

65.  1  OS- 

Sindri . 

24  16 

69  XI 

454- 

Singareni  ..... 

17  31 

80  20 

91. 

Singarh ...... 

18  22 

73  49 

259- 

Singhbhum  ..... 

22  33 

85  5i 

24,  32,  62. 

Singhe  La  > . 

33  58 

76  54 

347- 

Singpho  H.  .... 

27  3° 

96  30 

335- 

Singrduli . 

24  6 

82  55 

3°- 

Siran  R. . 

34  7 

72  57 

419- 

Sirban . 

34  6 

73  X' 

116,  138,  i3  ).  220.  2S6, 

Sirmur . 

3°  33 

77  42 

u7>  135.349- 

Sironcha . 

18  31 

So  1 

151,  185,  208. 

Sirsd  ...... 

29  32 

75  7 

419- 

Sitsyahn . 

18  54 

95  14 

33' 1. 
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Latitude. 

Longitude, 

^  . 

tfdl  R . 

29  47 

78  42 

230. 

Tdlcher  ...... 

20  57 

85  1 6 

32,  up.  153. 157, 169, 174. 

Taira  . . 

27  12 

76  47 

70. 

Tanawal . 

Tandra  Rihim  Khan  . 

34  20 

26  32 

72  55 
<7  25 

139- 

312,  315- 

Tanjore  .... 

io  47 

79  10 

394,  4°4,  412- 

Tarkesar  .... 

21  22 

73  6 

301. 

Tapti  R . 

21  30 

75  4o 

9,  300»  396,  398.  400,  407. 
411,431,495. 

Tarnot . 

20  45 

82  31 

64,  9i- 

Tatta . 

24  44 

68  0 

306,  312. 

Taung-gup . 

18  50 

94  20 

297,338. 

faung-ngu . 

18  55 

96  31 

342,  424; 

Tawa  R . 

22  45 

78  5 

167, 173. 

Tenasserim  .... 

12  5 

99  3 

45,  141,  297,  343,  378. 

Tezpur . 

26  37 

92  53 

256. 

Thai . 

33  37 

70  34 

328. 

Thai  (Chotiali)  .... 

30  1 

68  46 

291,  305,  4i8. 

Thai  Ghdt  .'  .  -  . 

19  43 

73  30 

261. 

Thalapudi . 

17  7 

81  44 

179. 

Thana . 

19  11 

73  1 

271. 

Thar  ...... 

25  20 

69  45 

455- 

Tharia  ...... 

25  11 

91  48 

247,  296,  329,  331,  332. 

Thayetmyo  .  .  .  . 

19  19 

95  16 

144,  33d,  340. 

Thondoung  ..... 

19  16 

95  14 

338- 

Tinnevelli . 

8  44 

77  44 

n>  13,  39,  392,  405,  412, 

Tipam  H. 

2  7  15 

95  3° 

334- 

Tipperah  Hills  .... 

Tirhowan,  see  Tirohan. 

23  50 

91  23 

443- 

Tirohan  ..... 

25  12 

80  58 

96, 102. 

Tirupati  .  . 

16  57 

81  19 

1  So. 

Tirupati  H . 

13  38 

79  2S 

78. 

Tirupatur . 

11  3 

7S  59 

23S. 

Tiruvakarai . 

12  1 

79  43 

2.35,  393  ■ 

Tisti  R . 

25  50 

89  46 

76. 

Todapurti,  see  Tddpatri. 

:  1 

geology 


Todibal 
Toi.g  . 

Tongap,  set  Taung-g“p. 


>«  »5 
25  4# 


75  3 
67  3 


30  » 

»»  54 


73 

75  S 
79  i 
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Vemavaram  . 
Vempalli  , 
Vengurlfi 
Venkatagiri  . 
Venkatpur  , 

Vindhya  H.  . 

VirAwah 

Viruddhdchalam 

VIrgal  .  . 

Vizagapatam 


w 

Wadhwan  .  . 

Wagad 
Wdgalkhor  . 
Waindd 
Wainganga  R. 
Wajhiri  H.  . 
Wajra  Karur  . 

Wandan  R.  . 
Warangal 
Wardhd  R.  . 
Warkalli 
Warord 

Wer  .  .  . 

Western  ghats 

y 

Yedakalmolai  H.  . 

Yeddihali  .  , 

Yellakonda  H. 
Yellamala  H.  . 

Yenangyoung 


Latitude. 

|  Longitude. 

Page. 

IS  41 

80  13 

181. 

14  21 

78  30 

7 9- 

15  54 

73  30 

83>  279, 

13  57 

79  37 

33- 

18  15 

80  3 

92. 

23  3i 

69  8 

223. 

23  0 

78  0 

3>  92. 

24  30 

70  48 

454- 

u  31 

79  24 

231,  232,  233,  255,  240, 
241.. 

32  27 

72  07 

17  42 

83  20 

34.  403. 

22  42 

7i  44 

25+ 

23  35 

70  40 

2  is.  220,  222.  224,  319. 

21  45 

73  16 

301. 

n  5o 

76  3 

37.  40. 

20  3D 

80  0 

184,  402. 

15  52 

73  46 

36. 

15  4 

77  27 

40,  107. 
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„  plant  remains  .  189, 222 

Katta  group  .  .  .  122, 123 

Kayal,  abandoned  seaport  ..  .  13 

Khddar  and  Shdngar,  distinction  of  438 
444.  451 

KhAsi  trap  .  .  ,  .61 

Rheura,  salt  mines  .  .  ..  no 


Khund  gbdt  group  ,  ,  .  ..  122 

Klnvdja  Amrin  slates,  doubtful 

age  of.  ,  .  .  .  •  .  142 

Kieserite  .  .  .  ...  no  . 

Kirana  hills.  .  ■  -  ■  *72 

Kir thar  group  .  .  ;  301,  303,  309 

„  fossils  in  Himalayas  - 

and  Sait  range  347,  354  , 
relation  to  Manchhar 


04  i 

69  1 

series . 

3°9, 314 

„  Nan  group' 309,  3*0 

„  „  Rarfkot  group  303, 

ID  j 
436  j 

306.  307 

449  ! 

„  representative 

.Cutch  ■  . 

•'  .‘321- 

225 

i  K  istna  alluvium 

■396,  402 

Kislna  group 

.  82,  go 

,195 

1  Kohat  tertiary  . 

*'  3-!5 

1  rock  salt  -and  gypsum 

112,  326 

j  Koil  Kuntla  limestones 

86 

Kolkoi  emporium  .  .  .  - 
Kolutnnala  shales  . 

Konkan  . 

Korkai,  abandoned  port  of 
Kota  Maleri  group 
„  correlated  with  Dent 
„  relation  to  CbikiAla 
„  „  Kdmthl  ' 

Krol  limestone  .  . 

Krol  quartzites  , . 

Kuchri  ammonite  bed 
Ruling  series 
Kundair  group  .' 

Kyanits  .  -  .  ' 

Kyauk-pyu,  mud  volcanoes 


84,.  195,.  208 

;  173.  »S6 


•  185 

134,438 


.  228 

13f.  138 


La  Croix,  on  gneisses  of  Sal etii  .  25,-39 
Lake  basins  of  Himalayas  .  421;  486 

Lacustrine  deposits,  simulation- of  4.1  S 
Lameta  group  .  .  '  '  29,  262,  263 

„  mode  of  formation  .  ’ .  276 

„  RajAmahendri  outlier  -365, 26s 
„  relation  to  Deccan  trap  .  364 

B  .  „  Bagh  beds  .  ■  26+ 

n  .  „  Gondwdnas  264,  151 

Laramie  fossils  compared  with- 

Deccan  trap  2®1 

Latitude,  secular  variation  of  212,  213 
'  Latetite  ...  •  -55,  256, 369 
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NandiAS  shales  ....  86 

Natakai,  smooth  water  anchorage  405 
NatbadA  river,  alluvial  plains  .  396) 

39/>  431.  436 

„  „  formed  in  a  rock 

basin  .  398, 495 

supposed  former  course 


Narcondam  Island  , 
Nari  group 
„  relation  to  G4j  . 

„  relation  to  Kirthar 
Narji  limestone 
Natrolite 
Needle  shales 
Negrais  rocks 
Neobelns  beds 
Neocotnian,  Afghanistan 
„  Ammonites 


17 


106,  294. 


. .  Sriper* 

mattir  group  182, 207,  20S 
Cutch  152,  307,  216,  286 
„  HazAra  .  .  ,  .  286 

Salt-Range  .  .  2S6 

NepAl  valley,  sub  recent  deposits  421 
Newcastle  beds  .  198, 200,  206 

Kim  Ac  sandstone  .  .  •  253 

Modular  limestone  group  .  .  '249 

Nummulites,  cretaceous  in  Balti-  . 

chistin  .  .  •  .291 

,,  at  high  altitudes  in 

Himalayas  .  347,  477 

Nnmmulttic  group  of  Cutch  320,  32 1 
limestone,  hill  type  352,  354 
„  sea,  extent  of  .  .  494 


Oblique  lamination,  sec  fete 
bedding. 

Obelus  beds  ,  *  .  top 

OUnelhu  . 

Oligoclase  ,  .  .  ,  31 

Olive  shales,  Sind 

Olivine  ...  .  .  i?5 

Ongole  area  of  upper  GondwAnas 
Oolitic  relationships  of  Raj- 
mahAt  flora  .... 
Oolite,  golden  .... 
Ophitic  calcite  in  sandstone  . 
Orthoctose  .  .  25-  z6,  30, 

Ctoeras  beds  .... 


Pachmarhf  group  .  « . .  •  *.  1 7.2 

Pakhat  series  .  . ,  89. 92,'  108 

„  identified  with  Pengangfi 

beds  .  .  '  .  -  902  ‘ 

Palaeontological  anomaly,  creta-  ■ 

ceous,  Baltichistdn  .  in 

,,  South  India  231,  236,  238, 

242,  244 

,,  .  Cutch  jurassic  105,  224.  225,  jacs 

Kota  Maiiri  group  ..  196’ 


Siwdlik 


Id  mia  group  .  .  195,324- 

P  alscozoic  and  mesozoic,  absence 

of  break  between  .  ,  . ,  119 

Palghai  ’  gmup  possibly  an  old 

river  vnliey  ....  495 

Panr.het  group  .  .  .  1 06,  17° 

•  „  age.  .'  201,204.207,208 

„  alliances  of  flora  103,  194,  200. 

Kota-Maleri  group  189 
idc-composed  felspar  l 


foss- 


207 
'  86 


Piniam  group  . 

PanjAl  conglomerate,  1  glacial 

origin  of  .  •  .  135,  136 

„  „  gneissose  granite 

•  blocks  in  ,  •  -  .44 

PanjAl  system  .  .  ,  116,  134, 

Pipaghni  group  .  _■  .  •  79 

Par  sandstone  ...  .  65 

PAra  limestone  .  .  .  >3° 

Paradoxtdi's  beds,  represented ,  in- 

Sait  Range  .  .  .  ^  113 

Parihar  sandstones  .  '  .  .  '  227' 

Patcliam  group  217,  218,  231,  226 

Palthargalta,  supposed  older  allu¬ 
vium  at  .  '  .  .428 

PAvulur  group  .  .  .  156,181' 

Pent  .  '  10,404,  4J&  421.  434 

Pebbles,  deformation  of  •  49,  54,  59 
Pegmatite-  ..  27,  3G  58,  H>7. 

Pegu  group  .  .  -  33<V3J8.  3+o 

Pellety  laterite  .  G  '  384 

PengangA  beds  .  90 

„  valley,  glacial  action  in  158, 


Peninsular  ai 


213 


absence  of  disturbance 
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Regur  ,  •  -  *  '  • 

„  origin  ,  .  «  *  4 

Re.h  ...*•■•  4 

Resin  fossil  .  •  ?93>  297>  299-  3 

Rewd  group  11  °>  102>  1 

Rhmtic,  AfglfonklAn  •  1 

„  central  Himalayas  •  t 

„  relationships  of  Gond- 

vAna  floras  t  Q2,  5 

Rilly  la  Montaigne,  fossils  com¬ 
pared  at  Deccan  trap  .  •  5 

Ripple  marks  ?o,  96,  loo,  113,  123,  1 
Roches  wottionne.es,  ancient,  at 

Pokaran  •  1 

Roblis  group  .  95,  96>  97*  98>  1 

Ruby  .  -  •  •  45,  1 

Rutile  •  •  * 


8 

Sabzalkol  boring  .  .  ■  4: 

St.  Thome,  advance  of  land  at  , 
SaMekrf  beds  .  .  •  •  1 

Salses  or  mud  volcanoes 
Salt,  Koha#  ....  3 

„  Runn  of  Catch  .  .  •  4 

„  Salt  Range  ,  *  t 

Salt  lake,  Calcutta  ...  4 

„  Umarkot,  marine  shell  in  4 

Salt  marl,  .  .  •  l(:9>  3 

„  hypogene  origin  of  .  .  * 

Salt  pseudotnorph  group  109,  I 

Salt  pseud, , morphs,  in  dolomite  of 
Salt  marl  ...  > 

Salt  range,  analogy  to  Assam 

carboniferous  glacial  period  i'u, : 
„  Australian  fossils  in 


Serpentine  rock-  1  .  28, 30, 80 

AfghAnistAn  M3,-  ®93  . 

„  A  rakan  Yoma  145,  146 

„  ■  Manipur  .  M7 

Shillong  quartzites  .  .  45,  G°>  295 

Shrishalam  quartzites  .  .  ,  .  82 

1  Sliicified  wood,  BhfniA  •  ''88 

„  •  Cretaceous,  South 

India  .  •'  .  235 

,  „  Cuddalore  .  -  '  .  .  393. 

■u  Godavari  alluvium  .  402  ' 

„  ripper  tertiary  341,3#  . 

Silurian,  new.cr  rocks  coloured  as,  .  1 

in  Himalayas  .  ;  no 

„  •  probable  presence  in  Ten- 

asserim  .  , >44 

a  supposed  occurrence  in  ,  •  , 

•  Kbaibar  Pass  .  .  1+1 

„  sea,  extent  of  .  ' .  '  .  492 

Silver  ,  »  •  •  '45,  % 

Simla  slates  .  ..  »>5,  nj,  >33 

Singhe  la,  nummulitic  outlier  ,  347 

Sirmur  series  .  .•  349, 4#S 

Sitsyahn  shales  .  '  .  •  '  ■  •  339. 

Sirvalik  series,  age  of  the  .  3 '4,  3S9 

,,  Assam  .  ,/  .  332 

„  Burma  .  ,  ,  .  338 

„  Cut  ch  >  and  Kathiwar  32  a, 

„  3*4' 

„  '  '  fauna  316,  319,  324,  34b  3a9  , 
„  Sind  and1  Baluchistdn  •  356, 

■  '  .  41>S 

„  Sub-  Himalayan  area  350,  465 

„  s>  analogy  with 

Vindhyart  out¬ 
liers  on  Ara- 

vallis  .  .  ioa 

„  „  formed  during 


Salt  wells,  Gangetic  alluvium 

429, 448  j 

„  Pachpadra 

•  43°  ! 

„  Purna  alluvium  . 

,  40 1  1 

Sand  hills 

4  >5,  455 

Sandstone,  flexible  in  Aiwar  gr 

oup  .  J2 

„  Talchir  grou 

p  _  ■  158 

Sapphire,  supposed  occurrenci 

pegmatite 

•  to?  | 

Saraswatf  river,  changes  of  . 

SattavMu  group 

.  is6 

Scapotite  ,  » 

.  3* 

Schorl  .  '  « 

.  27,  30 

Scoiecite  .... 

260,  261 

Scmri  beds 

•  94>  #  , 

470 


'  ,,  relation  tori. w. 

'  valleys-.  '  ,  358,469 
Jt  ,,  upper  beds  . 

.  .  coarsest  \.  .  .  '358  . 

Smooth  water  aheborages  .  .  ,  405 

Soda,  native  sesquicarbonate  of  .  ip- 
Speckled  sandstone  group  .  1 20,  206 

Spintangi  limestone  . .  .  3°7, 3J>8 

Sptti  shales  .  ■  •'  •!  228,  229 

Sripermattir,  cretaceous  fossils  AC.  .  ,,244 
Sripermatur  group  -  '  .  -n'.2,  184,  207 

„  neocomian  ceplia!op:xia  182: 
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Steatite 
Stilbitc 

Stony  creek  beds 
•Stormberg  beds  . 
Striated  pebbles  i 
glacial  boulder  bed 

Subdthu  group 
Sub-Himalayar 


.  2S,  So 
1 76,  260 
3SS,  399 


3-17,  33°.  357,  480 


rcm  lower  Himd- 

encroachment  on 
Gangetic  allu- 


in  .  .  480 

„  tertiary  deposits  of  356, 

465 

„.  wanting  in Bhutdn  3(8 

Sub-nummuUtic  group  .  320,321 

Subsidence,  evidence  of  4,  10,  407,  433 

Sullavai  series  .  .  .  90 , 91,  108 

Summit  bed  of  laterite .  .  ,  374 

Sun  cracks  .  .  .  .  .  70, 96 

Snnda  volcanic  chain  .  .  .  18 

Sundarban .....  442 

Sutlej  river,  former  independent 

course  to  the  sea  .  .  449 

Sutlej  valleys  Upper,  deposits  422,  464 
,,  „  conditions  of  formation  409 

Swatch  of  no  ground  .  .  .  442 

Syehedrite . 260 

Syenite  '  .  .  .  36, 44,  74, 234 

Sylhet  jhils,  depression  of  the 


Sylhet  trap. 
Sylvine 

Syringospharedce 


.  61,  150,  176 


Tadpulri  beds  . 
Tagling  limestone 
Tal  beds  .  . 


Talc  schists,  in  Bundclkhand  .  25 

Talchir  group  .  .  .  157,  165 

.  ..  age . 206 

„  boulder  bed  .  .  157,198 

,.  flexible  sandstone  .  .  158 

„  mode  of  origin  .  151,  158,  159 

„  resembled  by  Penganga 

shales  ...  .90 

„  „  transition  shales  50,  62 

.,  Western  Rajputana.  106,  160 

Tctngis  or  rifts  ....  9 

Tanawal  or  Tanol  series  .  .  139 

Ttmr  land  .....  421 

Tapti  and  Purna  alluvium  .396,  400,  431 
T  . 438 

Ten's  or  red  sand  hills.  .  ,  416 

Tertiary  deposits 

„  contrast  of  lower  and  upper  302 
„  passage  into  recent  2S3, 318,319, 
325,  39i 

Tesselated  sandstones.  .  .  157 

Thomsonite  ...»  260 

Tibet,  lakes  ....  489 

„  peculiarities  of  fauna .  .  476 

Tin  .  .  .  .  u  .  30, 45 

Tinnevelli  coast,  advance  of .  .  13 

„  submerged  forest ,  .11,405 

Tipam  sandstone  .  ,  324, 332 

Tirohan  limestone  ...  96 

Tongking,  Gondwana  plants  in  ,  196 

Tosham  hill,  felsiles  ...  74 

Tourmaline  ....  30,  32 
Trachyte  .  17,  18,  176, 258,  278 

Transition  systems,  age  of  .  72,  75, 108 
„  definition  of  term  .  48 

„  relation  to  newer 

gneiss  .  .  24,31,40 

„  resemblance  to  Tal- 

chirs  .  .  .55,  62 

Trappoid  beds,  Ecca  series  .  .  203 

,,  lower  Vindhyan  .  ,  95 

„  Talchir  group  .  .  138 

Triassic,  fossils  in  Attack  slate  area  115 
„  relationships  of  Gondwana 

floras  .  .  •  193 

„  of  Maleri  fauna  .  .  195 

„  supposed  in  Burma  .  144,  336 

Trichinopoli  group  .  233,  236,  240,  245 
„  relation  to  Ulatur  234,  235,  237 
„  Ariyalur  .  235,  241,  238 

TripeUy  group  .  .  ,  1  So,  186 

Trivicary  grits  ....  393 
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Uilenhage.  scries 
UMer,  ferruginous  beds  of 
Ullrabasic  rocks . 

Umballa  boring. . 

Urnia  group 

„  age  • 

„  alliances  of  flora 
coal  * 

„  relation  to  neocommn 
Underclay,  wanting  in  D 
coal  seams 

Unit),  aberrant  forms  of 
Utatiir  group 
„  relation  to  Ariyatur 
Trichinopol 

Utalur.  upper  Gondwdnas 


Vindby: 


3^+  I 

8,3^ 

5*  47*5 


n'.system, upper,  outlier*  in 
•  Bundelkhaftd  .  29>, 1 

outliers  on  A  rd  call  is  *  } 

„  -west  of  AravaUi  . 
range,';..  '  1 
.  „  relation  to  main  ••  , 

pebbles  in  _G<fnd«4n»  . 

relation  to  Aravalii  range  , . 


^33. 23A  2 
23s.  239. 2 
'  234.233,2 


system,  lower  Vindhyat 
represented  by  •  Sullavat 


’  93,  9$.  ■ 


Vailcrita  system 
Valimukam,  submerged  forest 


t  passu  with 


.4°S 


i$r,  184.  ■ 


383 


Valleys  formed  p, 
elevation  of  hills 
V  aludayur  group 
Vemdvaram  shales 
Vempalli  group  . 

Venkatpur  beds  . 

Vesicular  laterite 

Vindhyan  era,  disturbance  of  rock 

during  -  *  •  40* 

Viodhvan  system,  lower  .  93,  *oS 

„  '  debris  of,  in  upper  .  99 

„  disturbance  newer  than 

valleys?  ...  99 

„  doubtful  propriety  of 

classing  with  tipper 
Vindhyans  <  93 

outliers  in  ArAvaliis  .  94,  103 
„  relation  to  Bijdwars  ^  .  52 

tf  relation  to  upper  Vin-  , 

dhyans  .  93,96,98,99 
Vindhyan  system,  upper  .  .  67, 


age  .  .  - 

analogy  to  Gingetic 
alluvium  . 
local  disturbance  of 


49? 


,,  reputed  fossils,  m  *  tot 

”  scarp,  in  Bundolkhand,  • '  •  .* 

defined  in  Deccan  trap  . 

Virgal  group  \  ■  ■  •  }22’  123 

Volcanic  action,  supposed  at  Lctaar  1 9 

beds,  Altock  slates  ^  .  **» 

Bengal  transition.  .  1  ''  *>3 

Bijawav  •  *  52>  54 

carbonaceous  system  >31  - 
”  carboniferous.  Rash- 

”  mir  >83»LV> 

„  Chiipighat.seri.es.'  .  64 

Cretaceous  148,  28?,  289, 

”  ‘  290,292 

;  „  „  Ctiddapab  .  ■  i  ,  80 , 

’  „  Deccan  trap  .  *  .  257 

’n  "  ,,  Dharwar  system^,  5°»  49‘> 

”  "  Gwalior  system'  .  65,  66 

*  •,  Jaunsar  system  •  ...  it? 

"  ”  MaUni.  .  74 

Rdinvdi.il  '  •  175-  m 

s)  Sait  marl  .  •  110 

„  .Silurian.  ,  Do 

.  „  Tertiary,  tower  292, 293, 

•  '  ,  •  328, 346.-348 

,,  „  Tertiary.-  upper  .  339 

eruption,  submarine  .  tS 
M  „  ■  neck, supposed,  in 

!  9  Bassein  .  '  ■  >8 

|  n  f,  ■  Wajra  Karur  40,  107 

1  Volcanoes,  cretaceous'-  .  .  •  '  *9*. 

!  „  Dec  can  trap  .  258, 277, 279 

(  1  ' •„  .  mud  .  ..  •  *9' 

]  „  Raj-mahal  .•  •  176 

!  ,  '  „  •  Recent  '■  16 
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.  w 

Wadhwdn  sandstone  .  .  253 

Wajra  Karur,  volcanic  neck  .  40,  107 

Warkallj  beds  .  .  .  299, 394 

Western  ghdts,  origin  and  age  of 

10,397,494 

Wianamatta  group  .  .  .  198, 200 
Wollastonite  ....  30 
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Wood,  fossil,  silcified,  Bhfma  .  88 

„  „  cretaceous.  South  India  235 

„  „  upper  tertiary  341,  342,  355 


z 

Zeolites  .  .  .  176,260,262,412 

Zones  of  amm  niles,  recognized  in 

Cutch  jurassics  .  ,  .  224 

Zoological  provinces,  cretaceous  .  243 

„  Condwana  period  .  193,  591 


